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The  esBeotial  cootributioD  of  this  paper  is  a  study  of  the  changes  in 
the  b!ood  flow  and  the  oxygen  consumption  of  the  kidney  during  the 
diuTeaiB  evoked  by  pituitary  extract.  This  was  done  in  an  endeavor 
to  throw  further  light  on  the  mode  of  action  of  the  extract  on  the  kidn^, 
a  qiieetion  to  which  confliciing  answers  have  been  given.  These  con- 
tradictions result  from  the  dual  nature  of  the  kidney  mechanism  and 
the  complex  circulatory  conditions  obtaining  in  this  organ  which  make 
it  difficult  to  explain  results  on  the  basis  of  vascular  and  volume 


Magnus  and  Schllfer  (1)  and  Schfifer  and  Herrii^  (2)  were  the  first 
to  recognize  tmd  investigate  the  diuretic  action  of  extracts  of  the  pitui- 
tary body.  They  explained  the  diuresis  as  due  to  direct  stimulation 
of  the  renal  epithelium.  Their  conclusion  was  based  on  the  lack  of 
parallel  between  the  diuretic  effect  on  the  one  hand  and  the  blood  pres- 
sure and  kidney  volume  on  the  other  hand.  For  a  discussion  of  the 
data  upon  which  this  conclusion  was  based  the  reader  is  referred  to 
Bchafer's  recent  review  of  the  subject  (3).  According  to  his  concep- 
tion, the  active  diuretic  principle  bears  the  same  relation  to  the  kidney 
that  secretin  bears  to  the  pancreas.  Hoskins  and  Means  (4)  have  sup- 
ported Schafer's  view.  An  opposite  conclusion  has  been  arrived  at  by 
Houghton  and  Merrill  (5)  and  by  King  and  Stoland  (6),  From  a  com- 
parison of  the  blood  pressure,  kidney  volume  and  urine  flow  they  con- 
ader  that  the  vascular  changes  following  the  injection  of  pituitary  ex- 
tract are  sufficient  to  explain  the  diuresis.  Pal  (7)  and  later  Cow  (8) 
working  with  isolated  arterial  rings,  after  the  method  of  Meyer,  fotmd 
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initial  fall  was  followed  by  a  rise  which  persisted  for  a  variable  time. 
Associated  with  these  circulatory  changes  there  was  first  suppression  or 
diminished  secretion  of  urine  coinciding  with  the  fall  of  blood  pressure. 
Diuresis  as  a  rule  began  just  beyond  the  crest  of  high  pressure.  Our  ob- 
servations also  confirm  the  statement  of  Magnus  and  Schafer,  and 
Schafer  and  Herring  that  the  diuresis  may  outlast  the  rise  of  blood 
pressure  or  may  be  copious  with  a  fall. 

Repeated  injections  gave,  in  general,  diminishing  effects  on  the 
blood  pressure  so  that  after  the  first  two  or  three  injections  the  initial 
fall  was  the  prominent  feature  and  the  after-rise  often  failed  to  reach 
the  earlier  average.    With  few  exceptions  the  diuretic  effect  also  tended 


Fig.  1 

to  diminish  with  repeated  dosage.  This  diminution  of  diuretic  action 
was  not  as  definite  nor  was  it  parallel  with  the  lessening  circulatory 
effect. 

By  referring  to  table  1  the  reader  can  compare  the  above  described 
changes  in  detail.  It  may  be  seen  that  io  experiments  A  and  B  the 
maximum  rise  of  blood  pressure  followed  the  first  injection  while  the 
maximum  urine  flow  and  blood  flow  through  the  kidney  came  subse- 
quent to  the  second  and  third  injections  respectively.  In  experiment 
C  the  maximum  blood  pressure  change  and  maximum  urine  Bow  approxi- 
mately coincided.  In  figures  1  and  2  the  results  of  repeated  injections 
are  presented  graphically. 
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In  table  2  the  effects  of  pituitrin  on  blood  pressure,  blood  Sow  through 
the  kidney  and  diuresis  are  compared  in  greater  detail.  It  is  seen  that 
whether  the  arterial  blood  pressure  rises  or  falls,  increased  flow  of  blood 
through  the  kidney  is  a  constant  accompaniment  of  diuresis.  In  a 
general  way  the  two  effects  run  parallel,  a  free  diuredis  being  associated 
with  a  decided  increase  in  blood  flow.  In  a  number  of  instances  the 
quantity  of  blood  flowing  through  the  renal  vessels  per  minute  was 
doubled.  We  noticed  repeatedly  that  following  the  injection  of  the 
pituitary  hormone,  the  venous  blood  was  arterial  in  color  owing  to  the 
rapidity  of  the  flow.    In  some  instances  in  which  but  little  diuresis 


Fig.  2 

could  be  induced,  the  blood  flow  also  showed  but  little  chaise  even 
though  the  blood  pressure  was  raised. 

Data  concerning  the  influence  of  pituitrin  on  the  oxygen  consump- 
tion by  the  kidney  are  given  in  table  3.  It  may  be  seen  that  totally 
independent  of  the  extent  of  the  diuresis  induced,  the  amount  of  oxygen 
used  by  the  kidney  remained  uninfluenced  by  the  pituitary  hormone. 
In  no  successfully  completed  experiment  was  there  evidence  that  pitui- 
trin caused  increased  work  on  the  part  of  the  renal  cells  as  measured 
by  their  oxygen  intake. 

In  several  instances  as  a  check  on  our  method  we  compared  the  effect 
of  the  pituitary  extract  with  that  produced  by  urea  or  sulphate  (table 
4  and  fig.  3) .    In  sharp  contrast  to  pituitrin,  the  urea  and  sodium  sul< 


yGoogIc 


F.    P.   KNOWLTON   AND   A,    C.   SILVERMAN 


TABLE  3 

Effect  of  injections  of  pituitary  extract  on  blood  pressure,  blood  fioto  and  vrineftovi 


BLOOD 

,^A% 

*ss:- 

' 

1 

to.« 

180 

17.64 

drop 

Aoimal  not  eviscerated 

11.16 

182 

36.54 

11 

After  0.5  cc.  pituitrin 

11.35 

142 

23.76 

7 

2 

11.00 

138 

48.0 

fl 

Animal  not  eviscerated 

11.21 

124 

59.4 

10 

Pituitrin,  1  cc. 

ll.fi9 

112 

48.0 

6 

3 

10.34 

166 

36.8 

9 

Anime,!  not  eviscerated 

11.37 

140 

90.0 

20 

Pituitrin,  1  CO. 

i 

11.50 

138 

34.0 

0 

Animal  eviscerated.  Ur- 
ine flow  from  one  kidney 

12.21 

140 

66.0 

10 

Pituitrin,  2  cc.  {two  injec- 
tions, 1  cc.  each) 

5 

10.33 

154 

22.3 

6 

No  evisceration 

10.50 

146* 

33.9 

13 

5  min.  after  1  cc.  pituitrin 

11.35 

122 

27.6 

Occasional 
drop 

6 

11.03 

158 

23.0 

0 

Animal  eviscerated 

11.15 

164 

32,3 

5 

5  min.  after  pituitrin 

12.20 

100 

21.0 

0 

12.25 

118 

23.0 

5 

After  2nd  injection,  1  cc. 

7 

10.47 

148 

19.0 

0 

Animal  not  eviscerated 

11.10 

144 

37.5 

2 

1.5  cc.  pituitrin 

11.58 

102 

30,7 

2 

12.11 

82 

31.5 

2 

After  2nd  injection,  3  cc. 
pituitrin 

8 

11.05 

164 

19,0 

1 

Animal  not  eviscerated 

11.17 

150 

20.2 

4 

1  cc.  pituitrin 

12.00 

62 

"■' 

Occasional 
drop 

12-11 

80 

15.0 

2 

2  cc.  pituitrin 

•  Pressure  eariier  had  reached  170  n 
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TABLE  2-Cimdtidii 


"'" 

TIMM 

HH.  no. 

(CUBIC  C^ 

tuinaaa 

ubinkCdkommb 

9 

11.05 

162 

15.0 

2 

Animal  eviscerated 

11.30 

146 

24.0 

1  cc.  pituitrin 

12.23 

72 

10.7 

12.40 

76 

10.3 

2  cc.  pituitrin 

10 

12.47 

98 

19.4 

0.5 

Animal  eviscerated 

1.07 

124 

38.4 

1  cc.  pituitrin  injected 

11 

3.42 

118 

24.5 

Animal  eviscerated 

3.52 

120 

30.0 

20 

1  cc.  pituitrin 

12 

3.43 

84 

20,0 

Cat  with  tubular  nephritis. 
Eviscerated. 

3.69 

iOfl 

23.4 

Injected  1  cc.  pituitnn 

TABLE  3 

Infiuence  oj  jnlvitary  eitTocl  on  the  oxygen  consumption  of  the  kidney 


OITO.H  OO 

WUWTIOH 

0««,P..-,NW.) 

DHINB  H.OW 

RB.A.» 

BBton 
injection 

,iSi. 

1 

0.118 

0.109 

Doubled       - 

Animal  not  eviscerated 

2 

0.042 

0.043 

Slight  increase 

Animal  not  eviscerated 

3 

0.061 

0.047 

Increased  fourfold 

Animal  eviscerated 

4 

0.068 

0.066 

More  than  doubled 

Animal  eviscerated 

5 

0.068 

0.041 

No  increase  in  urine 

Same  animal  as  in  4;  50  min. 

later 

6 

0.047 

0.049 

Increased  fourfold 

Animal  eviscerated 

7 

0.045 

0.035 

Very  slight  increase 

Considerable  loss  of  blood  dur- 

8 

0.096 

0,081 

Definite  increase 

ing  operation 
Animal  eviscerated 

9 

0,045 

0.037 

No  increase 

10 

0.026 

0,025 

Doubled 

Nephritis  (tubular) 

.,Google 
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phate  produced  the  decided  increase  in  oxygen  intake  previouriy  de- 
Bcribed  by  Barcroft  and  Straub. 

Two  special  instances  encountered  during  our  experiments  also  sug- 
gest that  the  pituitary  hormone  and  urea  produce  their  effects  through 
different  mechaniams.  In  one  case  although  the  pituitary  extract  pro- 
duced a  definite  increase  in  urine,  subsequent  injection  of  aodium  sul- 
phate failed  to  cause  its  usual  marked  effect.    Later  inspection  showed 


TABLE  1 

luftuetKe  of  wea  and  of  »odiun  Mtdphale  injeetiot, 


n  llu  oxygtn  nteUAolitm  of  the 


miwBi- 

■■——»""• 

oxiQBH  comtntmoH 

(cubic  dHTTUBnm  raa 
OMAMnammnu) 

JlOW 

inJMtkin 

iniSa. 

11 

Ureft,  2gm.  iolOcc. 
saline 

0.040 

0.098 

Good 

Following  pituitrin 
which  caused  no 
increase  in  oxygen 
intake 

12 

Sodium  sulphkte  20 
ce.  of  10  per  cent 
solution 

0,013 

0.045 

Marked 

13 

Sodium  sulphate,  10 
oc.  of  10  per  cent 
solution 

0.031 

0.090 

Marked 

Preceding  injection 
of  pituitrin  failed 

in  oxygen  intake 

14 

cc.  of  to  per  cent 
solution 

0.025 

0.05S 

Slight 

Later  injection  of 
pituitrin  caused  on 
increase  of  O,  in- 
take 

that  the  kidneys  were  pathological  and  microscopical  examination 
showed  a  marked  tubular  type  of  nephritis.  It  may  be  noted  also  that 
the  oxygen  consumption  by  this  nephritic  kidney  was  the  lowest  that 
we  have  measured.  In  another  instance  repeated  injections  of  pitui- 
trin failed  to  cause  anyurineflow.  Thesubsequentinjectionof  sodium 
sulphate  was  followed  by  a  copious  diuresis.  Of  course  one  can  not 
put  too  much  emphasis  on  such  evidence  yet  the  data  fit  in  bo  well 
with  the  general  picture  that  they  at  least  warrant  mention. 
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DISCUSSION  AND   BTTlfUART 

That  Btimulation  means  increaae  of  activity  is  a  biological  axiom. 
Thia  increwed  activity  always  involves  proportionate  increase  in  metab- 
olism. It  is  thia  metabolism  which  causes  the  demand  for  oxygen  on 
the  part  of  a  tissue  or  organ.  We  may  therefore  regard  the  oxygen 
intake  of  an  oi^an  as  a  satisfactory  criterion  of  stimulation.  As  Bar- 
croft  (14)  has  said,  "There  is  no  instance  in  which  it  can  be  proved 
that  an  oi^n  increases  its  activity  under  phyuological  conditione  with- 
out increasing  its  demand  for  oxygen."  Further,  "An  advantage  of 
the  assurance  that  every  increaae  in  the  activity  of  the  cell  means  an 
instant  call  for  oxygen  lies  in  the  fact  that  it  furnishes  a  method  of  de- 
ciding whether  in  certain  cases  there  is  or  is  not  increased  activity  on 
the  part  of  the  cell."  This  test  for  cell  activity  has  been  applied  to  the 
kidney  by  Barcroft  and  his  coworkers.     Thus  the  question  of  stimula- 


yGooglc 


10  F.   P.    KNOWLTON   AND   A.    C.   SILVERMAN 

tion  has  been  answered  in  the  affirmative  for  such  diuretic  substances 
as  urea,  cafFein,  sodium  sulphate  and  phloridzin,  and  in  the  negative 
for  the  diuresis  induced  by  Ringer's  solution.  We  accordingly  applied 
this  test  to  the  pituitary  diuresis  as  it  seemed  to  us  that  if  we  obtained 
a  definite  increase  in  the  oxygen  intake  it  could  be  regarded  as  a  posi- 
tive confirmation  of  Schafer's  conclusion. 

Our  results  are  in  accord  with  SchMer's  in  so  far  as  they  show  that 
at  times  there  is  complete  lack  of  parallel  between  the  blood  pressure 
and  the  urine  flow.  However  the  argument  th>t  this  furnishes  con- 
clusive proof  of  the  stimulation  of  the  renal  cells  would  seem  to  lose  its 
force  in  the  l^ht  of  our  findings  relative  to  oxygen  consumption  and 
blood  flow.  It  is  difficult  to  explain  the  failure  of  the  kidney  to  show 
any  change  in  its  metabolic  activity  on  any  basis  of  renal  stimulation. 
The  source  of  the  energy  must  lie  outside  the  kidney.  While  such  pos- 
sibilities as  physical  changes  in  the  blood  or  changes  in  the  permeability 
of  the  glomerular  filter  can  not  be  entirely  ignored,  the  relations  of 
blood  flow  and  urine  flow  are  such  that  the  effect  may  be  satisfactorily 
explained  as  due  entirely  to  the  vascular  change.  Dilatation  of  renal 
vessels  with  more  or  less  constriction  elsewhere  must  be  the  causal  ac- 
companiment of  increased  blood  flow.  This  by  increasing  the  pressure 
in  the  capillaries  of  the  glomerulus  increases  the  rate  at  which  the  urine 
is  formed.  That  the  kidney  vessels  do  show  this  specific  dilatation  in 
concentrations  which  cause  constriction  elsewhere  is  indicated  by  the 
work  previously  cited  (7),  (8),  (9).  Nor  is  this  difference  in  the  re- 
'  sponse  of  the  renal  vessels  limited  to  their  behavior  toward  pituitrin. 
Gottlieb  and  Magnus  (15)  state  that  digitalis  has  less  constrictor  effect 
on  the  renaJ  vessels  than  on  the  mesenteric  vessels  and  Bayliss  (16) 
found  that  when  the  depressor  nerve  is  stimulated  the  change  in  kidney 
volume  and  blood  pressure  are  parallel  while  the  volume  of  other  inter- 
nal organs  increases.  This  he  interprets  as  indicating  a  different  organi- 
zation of  vasomotor  mechanisms  in  the  kidney  as  compared  with  other 
internal  organs. 

The  outstanding  effects  of  injections  of  extracts  of  the  posterior  lobe 
of  the  pituitary  body  are  on  involuntary  muscle.  What  were  earlier 
supposed  to  be  evidences  of  stimulation  of  gland  cells  (e.g.,  the  mam- 
mary) have  more  recently  been  explained  as  diue  to  stimulation  of  the 
smooth  muscle  of  the  gland  (17).  We  beUeve,on  thebasisof  our  results, 
that  the  action  of  the  kidney  is  of  the  same  genera!  nature  with  the  dif- 
ference that  in  the  case  of  the  renal  vessel  the  extracts  caused  inhibition 
(i.e.,  vasodilation)  of  the  smooth  muscle  instead  of  stimulation.    Our 
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results  do  not  indicate  that  it  is  necessary  to  include  a  further  effect  on 
the  cellular  elements  of  the  tubules.  This  vasodilation  could  hardly  be 
passive  as  increased  blood  Sow  was  found  without  accompanying  rise 
of  blood  pressure.  Several  recent  writers  (18),  (19)  have  reported  that 
subcutaneous  injections  of  pituitary  extracts  cause  no  change  or  may 
cause  diminished  production  of  urine  during  twenty-four  hour  periods. 
The  question  then  of  whether  diuresis  is  produced,  such  as  is  usually  ob- 
tained by  intravenous  injection  of  rather  large  doses,  or  whether  there 
is  diminished  flow  of  urine  is  a  question  of  whether  the  kidney  vessels 
are  dilated  and  an  increased  blood  flow  thereby  maintained.  It  may 
possibly  be  found  that  when  slower  absorption  occurs  as  from  subcu- 
taneous administration  the  renal  dilatation  may  not  be  a  prominent 
feature  of  the  action;  or  when  studied  over  long  periods  initial  dilata- 
tion may  be  followed  by  a  more  prolonged  constriction.  Such  results 
do  not  in  any  way  disprove  our  findings. 

The  results  of  our  experiments  do  not  incline  us  toward  the  view 
that  the  posterior  lobe  extracts  yield  several  hormones.  The  prepara- 
tions  that  we  used  contained  different  amounts  of  the  vasodilator  sub- 
stance but  this  is  undoubtedly  not  specific  but  identical  with  that 
found  in  many  organic  extracts.  The  lack  of  parallel  between  the 
pressor  effect  on  blood  pressure  and  the  effect  on  the  kidney  can  well 
be  explained  on  the  basis  of  differing  threshold  of  stimulation  by  the 
same  active  hormone. 

CONCLUSIOKS 

1.  The  oxygen  consumption  by  the  kidney  is  not  increased  during  the 
diuresis  induced  by  pituitary  extracts. 

2.  Using  the  oxygen  consmnption  as  the  criterion,  there  is  no  evidence 
that  pituitary  extract  stimulates  the  renal  cells. 

3.  Throughout  our  experiments  increased  blood  flow  through  the 
kidney  was  an  invariable  accompaniment  of  pituitary  diuresis. 

4.  From  the  evidence  at  hand  it  seems  possible  to  explain  the  diuretic 
action  of  pituitary  extract  entirely  on  the  basis  of  the  vascular  changes 
and  increased  filtration  pressure  obtaining  in  the  kidney, 
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In  a  previous  publication  we  (1)  pointed  out  that  the  ingestion  of  the 
foodatufFa  increased  the  catalase  of  the  blood  and  hence  of  the  tissues 
by  stimulating  the  digestive  glands,  particularly  the  Uver,  to  an  in- 
creased output  of  this  enzyme  and  accordingly  suggested  that  the  in- 
crease in  oxidation  after  the  taking  of  food,  as  observed  by  Lavoi^er, 
wae  due  to  the  increase  in  catalase,  an  enzyme  possessing  the  property 
of  liberating  oxygen  from  hydrogen  peroxide.  It  was  also  found  that 
of  the  foodstuffs,  meat  was  a  more  effective  stimulant  to  the  production 
of  catalase  than  either  fat  or  sugar  and  hence  we  suggested  thatthe 
specific  dynamic  action  of  protein  as  set  forth  by  Rubner  (2)  was  due 
to  this  fact.  The  object  of  the  present  investigation  was  to  determine 
the  effect  of  the  ingestion  of  the  ordinary  food  materials,  fruits  and 
beverages  on  the  production  of  catalase.  The  fatty  foods  used  were  " 
bacon,  lard,  olive  oil,  glycerine  and  sodium  palmitate;  the  protein 
foods,  eggs,  casein,  peptone,  beef  extract  and  aminoids;  the  carbohy- 
drates, starch,  rice  flour,  com  meal,  wheat  flour,  dextrine,  honey,  su- 
crose, maltose,  lactose  and  dextrose ;  the  fruits,  oranges,  bananas,  lemons, 
rhubarb,  apples,  grape  fruit;  the  beverages,  chocolate,  coffee,  milk, 
cocoa  and  alcohol.  After  etherising  the  animals  and  opening  the  ab-^ 
dominal  wall,  these  substances  were  introduced  in  liquid  form  in  about 
equal  quantities  into  the  stomach  and  intestine  under  pressure  from  a 
bottle  through  a  rubber  tube  and  an  attached  hypodermic  needle. 
The  quantity  of  the  different  substances  used  will  be  given  in  the  de- 
scription of  the  individual  experiments.  The  catalase  in  0.5  cc.  of 
blood  taken  directly  from  the  liver,  the  portal  and  jugular  veins  was  ^ 
determined  before  as  well  as  at  fixed  intervals  after  the  introduction  of 
the  different  materials.  The  blood  from  the  liver  was  collected  from  a 
superficial  incision  made  in  this  organ.  The  catalase  wa^  determined 
by  adding  0.5  cc.  of  blood  to  50  cc.  of  hydrogen  peroxide  in  a  bottle  at 
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approximately  22''C.  and  as  the  oxygen  gas  was  liberated  it  was  con- 
ducted through  a  rubber  tube  to  an  inverted  burette,  previously  filled 
with  water.  After  the  volume  of  gas  collected  as  described  in  ten 
minutes  had  been  reduced  to  standard  atmospheric  pressure  the  result- 
ing volume  was  taken  as  a  measure  of  the  amount  of  catalase  in  the 
0.5  cc.  of  blood.  The  material  was  shaken  in  a  shaking  machine  at  a 
fixed  rate  of  one  hundred  and  eighty  double  shakes  per  minute  during 
the  determinations.  It  will  be  noticed  that  none  of  the  experiments 
lasted  more  than  two  hours  owing  to  the  fact  that  the  animal  with  its 
abdominal  wall  open  and  having  ether  administered  began  as  a  rule  to 
develop  the  condition  of  shock  and  on  this  account  the  catalase  began 
to  decrease. 

In  figure  1  under  lard,  bacon,  olive  oil,  glycerine,  sodium  palmitate, 
trimethylene  glycoll  and  ethyl  alcohol  are  given  curves  constructed 
from  data  obtained  from  dogs  before  as  well  as  at  fixed  intervals  after 
the  introduction  of  these  materials  into  the  alimentary  tract.  The 
lard  was  introduced  in  the  form  of  an  emulsion  which  was  made  by 
shaking  500  grams  of  lard  heated  to  40°C.  with  200  cc.  of  a  1  per  cent 
sodium  carbonate  solution.  Five  hundred  grams  of  finely  ground 
bacon  were  tried  out  and  introduced  into  the  alimentary  tract.  Four 
hundred  cubic  centimeters  of  glycerine  were  shaken  with  200  cc.  of 
wat«r  and  introduced  as  such.  The  sodium  palmitate  was  prepared  by 
adding  sodium  hydroxid  to  350  grams  of  palmitic  acid.  Five  hundred 
cubic  centimeters  of  50  per  cent  trimethylene  glycol!  and  500  cc.  of 
45  per  cent  ethyl  alcohol  were  used.  All  the  substances  were  warmed 
to  38  C,  previous  to  being  introduced  into  the  alimentary  tract  of  the 
dogs.  The  Bgures  along  the  ordinate  in  chart  1  as  well  as  in  all  the 
charts  in  this  paper  represent  amounts  of  catalase  measured  in  cubic 
centimeters  of  oxygen  liberated  by  0.5  cc.  of  blood  from  50  cc.  of  hydro- 
gen peroxide  in  ten  minutes,  and  the  figures  along  the  abscissa,  time  in 
minutes.  The  continuous  line  curves  in  all  the  charts  of  the  paper 
were  constructed  from  data  obtained  from  blood  taken  from  the  liver, 
the  discontinuous  line  curves  from  the  blood  of  the  portal  vein,  and  the 
dotted  line  curves  from  the  blood  of  the  jugular.  It  will  be  seen  in  fig- 
ure 1  that  previous  to  the  introduction  of  the  lard,  0.5  cc.  of  the  blood 
of  the  liver  liberated  74  cc.  of  oxygen  from  hydrogen  peroxide  while 
Oio  cc.  of  blood  from  the  portal  and  jugular  veins  liberated  70  and  69 
cc.  of  oxygen  respectively.  After  the  introduction  of  the  lard  the  cata- 
lase in  the  blood  of  the  liver,  portal  and  jugular  veins  was  increased 
as  is  indicated  by  the  increase  in  the  amount  of  oxygen  liberated  from 
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hydrc^n  peroxide.  The  catalase  of  the  portal  blood  was  increased 
more  rapidly  particularly  during  the  first  thirty  minutes  than  that  of 
the  jugular.  This  is  taken  to  mean  that  the  lard  was  stimulating  the 
alimentary  glands  to  an  increased  output  of  catalase  while  the  increase 
in  the  catalase  of  the  blood  of  the  jugular  was  due  principally  to  the 
stimulation  of  the  liver  to  an  increased  output  of  this  enzyme.  That 
the  liver  is  normally  putting  out  catalase  continuously  into  the  blood 
is  shown  by  the  fact  that  the  blood  taken  directly  from  the  liver  is 
always  richer  in  catalase  than  the  blood  from  any  other  part  of  the 
body  by  15  to  20  per  cent.  The  fact,  as  shown  in  a  previous  publica- 
tion, that  the  introduction  of  a  substance  such  as  ethyl  alcohol  which 
normally  produces  a  great  increase  in  the  catalase  of  the  blood,  pro- 
duced a  very  small  increase  after  the  liver  was  cut  out  of  the  circulation 
by  an  Eck  fistula  and  ligating  the  hepatic  artery,  was  taken  to  mean 
that  the  liver  is  the  organ  principally  responsible  for  the  production  of 
catalase.  It  may  also  be  seen  that  the  introduction  of  the  bacon  as 
well  as  the  olive  oil  into  the  alimentary  tract  produced  an  increase  in 
catalase.     The  introduction  of  glycerine  produced  an  increase  while 

'Sodium  paJmitate  did  not.  Thia  observation  is  interpreted  to  mean 
that  the  glycerine  radical  in  the  fat  molecule  is  responsible  for  the 
stimulating  eETect  of  fat  on  the  output  of  catalase.  By  comparing  the 
stimulating  effect  of  glycerine,  trimethylene  glycoll  and  ethyl  alcohol 
to  an  increased  production  of  catalase  it  will  be  seen  that  glycerine, 
a  trihydroxy  alcohol,  was  least  effective,  trimethylene  glycoll,  a  dihy- 

/  droxy  alcohol  was  more  effective,  and  ethyl  alcohol,  a  monohydroxy 
alcohol,  was  most  effective. 

In  figure  2  the  curves  were  constructed  from  data  obtained  before  as 
well  as  at  fixed  intervals  after  the  introduction  of  eggs,  casein,  peptone, 
beef  extract  and  biuret-free  aminoids.  Twelve  eggs  were  beaten  up 
and  strained  through  two  thicknesses  of  cheese  cloth  and  introduced  in 
thia  form.  The  casein  was  prepared  by  dissolving  400  grams  of  a  com- 
mercial preparation  of  this  material  in  200  cc,  of  sodium  carbonate; 
the  peptone  by  dissolving  350  grams  in  300  cc.  of  water;  the  beef 
extract  by  dissolving  300  grams  of  Liebig's  beef  extract  in  200  cc.  of 
water,  and  the  aminoids  by  dissolving  a  biuret-free  commercial  prepa- 
ration in  200  cc.  of  water.  The  aminoids  contained  11.98  per  cent  of 
nitrogen  and  of  this  8.9  per  cent  was  amino  nitrogen.  It  will  be  seen 
that  the  introduction  of  the  egg  as  well  as  the  casein  produced  little  or 

I  no  increase  in  the  catalase  of  the  blood  as  is  indicated  by  the  fact  that 
there  was  no  increase  produced  in  the  amount  of  oxygen  liberated  from 
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hydrogen  peroxide.  The  peptone  and  beef  extract  produced  an  increase 
but  not  BO  marked  as  did  the  aminoids.  It  is  assumed  that  the  egg 
and  casein  did  not  produce  an  increase  because  the  length  of  the  ex- 
periment was  not  sufficient  to  permit  the  digestion  and  absorption  of 
these  substances,  while  the  peptone,  beef  extract  and  aminoids,  being 
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Yig,  2.  Curves  showing  effect  of  the  introduction  of  egg,  casein,  peptone,  beef 
extract  and  aminoids  into  the  alimentary  tract  on  the  catalase  content  of  the 

blood  of  the  liver,  portal  and  jugular  veina.    Curves  show  amount  of 

catalaae  in  the  blood  of  the  liver; curves  show  amount  of  catalase  in  the 

blood  of  portal  vein;  -----  curves  show  amount  of  catalase  in  the  blood  of  the 
jugular.  The  figures  along  the  abscissa  indicate  time  in  minutes,  and  those 
along  the  ordinate,  amounts  of  catalase  measured  in  cubic  centimeters  of  oxygen. 


immediately  absorbed,  stimulated  the  digestivie  glands,  particularly  the 
liver,  and  thus  produced  an  increase  in  catalase.  According  to  Paw- 
low  beef  extract  functions  in  stimulating  the  gastric  glands  to  an  in-' 
creased  output  of  gastric  juice.  The  preceding  observation  shows  that 
beef  extract  also  stimulates  the  liver  to  an  increased  output  of  catalase. 
The  fact  that  the  aminoids  being  composed  mostly  of  amino  acids 


yGoogIc 


.  BUBQE  AND  A.  J.  SKILL 


- =  5;r 

-               iJi. 

8                     ^^    y 

e                         *     i    :^L 

=  :;:;;--"-ii^==  =  - 

B     I     :s%      :        - 

i            ^Siu 

«►            *S^  _  _  - 

W     -                }.    tt- 

**  -     -1  ^    ^  J- 

2  -       ^i:^]j 

-  [  5j 

S                     C    Jj 

S-       -     -;^G            : 

5  ►              ^s 

i  '                   \T^ 

. C^^                          ~    " 

§ E^S-:  :  ::  :      '  zl 

^     jc                          ; 

::::::::;::£:::  ::" 

5           -;;-i- 

s                 I 

2 .           -  5E           : 

u   ►                        -      -,  J 

' 

"  '_-_iJ 

„i  '      8    a~ ;     s    ;  » 

£   X   <j   S 

s  pi 


^  ^  i  %  ^ 


ill:! 

"  ^   »  "  * 

'fill 
Hi  ■'^ 


.,Google 
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stimulated  the  digestive  glands  to  the  greatest  extent  suggests  that  the 
amino  acids  are  the  substances  responsible  for  the  great  stimulating 
effect  of  meat  on  the  production  of  catalase. 

In  figure  ^  under  starch,  dextrine,  sucrose,  maltose,  lactose,  honey 
and  dextrose  are  given  curves  constructed  from  data  obtained  from 
dc^  after  the  introduction  of  these  materials  into  the  alimentary  tract. 
The  starch  was  introduced  in  the  form  of  a  paste  which  was  made  by 
addii^^  200  cc.  of  water  to  400  grams  of  corn  starch.  Four  hundred 
grams  of  dextrine  as  well  as  each  of  the  sugars  used  were  dissolved  sepa- 
rately in  200  cc.  of  water.  It  will  be  seen  that  the  introduction  of  the 
starch  as  well  as  the  dextrine  produced  little  or  no  increase  in  the  cata- 
lase of  the  blood  while  the  sugars  produced  an  increase,  lactose  and' 
dextrose  producing  the  greatest  increase.  It  is  assumed  that  the  starch 
and  dextrine  did  not  produce  an  increase  because  the  length  of  the  ex-  ' 
periment  was  not  sufficient  to  permit  the  digestion  and  absorption  of 
these  substances.  The  dextrose  produced  a  more  rapid  and  extensive 
increase  in  catalase  than  did  sucrose  or  maltose  due  presumably  to  the 
greater  rapidity  with  which  it  is  absorbed.  Why  lactose,,a  disaccharide 
should  have  produced  a  more  rapid  and  extensive  increase  than  the 
other twodisaccharides,weare  unable  to  say.  However  the  purposeful- 
nesB  of  this  becomes  evident  when  it  isconsidered  that  lactose  is  the  sugar 
on  which  suckhng  animals  live.  The  stimulating  effect  of  honey  was 
due  presumably  to  the  simple  sugars  constituting  the  bulk  of  this 
substance. 

Id  figure  4  are  shown  curves  constructed  from  data  obtained  before 
as  well  as  at  fixed  intervals  after  the  introduction  of  rice  flour,  corn 
meal,  wheat  flour,  dextrine  and  dextrose.  These  substances  were  pre- 
pared for  injection  by  adding  200  cc.  of  water  to  400  grams  of  each  of 
the  materials  and  warming  to  38*C.  It  will  be  seen  that  the  introduc- 
tion of  none  of  these  substances  except  dextrose  produced  an  increase 
in  catalase,  due  presumably  to  the  length  of  time  of  the  experiment  being 
too  short  to  permit  the  digestion  and  absorption  of  the  materials. 

In  figure  5  under  orai^es,  oranges  (very  ri[>e),  bananas,  lemons,  rhu- 
barb, apples  and  grape  fruit  are  given  curves  constructed  from  data 
obtained  from  dogs  previous  to  and  after  the  introduction  of  these  mate- 
rials into  the  alimentary  tract.  Two  dozen  oranges  were  peeled  and 
ground  to  a  very  fine  consistency.  Half  of  this  material  was  used  im- 
mediately while  the  other  half  was  permitted  to  stand  in  a  thermostat 
at  38°C.  for  twenty-four  hours-  The  material  that  bad  stood  in  the 
thermostat  is  referred  to  in  the  chart  as  oranges  (very  ripe).    Twelve 
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bananas  were  peeled,  macerated  and  also  placed  in  a  thermostat  for 
twenty-four  hours  at  38*C.  The  pulp  and  the  juice  of  twelve  lemons 
and  of  four  lai^  grape  fruit  were  ground  up  separately  and  strained 
through  a  cheese  cloth.  Similarly  500  grams  of  rhubarb  ^nd  of  apples 
were  prepared.  It  may  be  seen  that  the  introduction  of  the  oranges 
produced  no  increase  in  catalase  while  the  introduction  of  oranges  (very 
ripe)  as  well  as  the  bananas  which  had  undergone  the  ripening  proc- 
ess produced  an  increase  in  the  catalase  of  the  blood.    The  stimu- 
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Fig.  4.  Curves  showing  effect  of  the  introduction  of  rice  flour,  corn  meal, 
wheat  flouT,  dextrine  and  dextroee  into  the  alimentary  tract  on  the  catalase  con- 
tent of  the  blood  of  the  liver,  portal  and  jugular  veins.    Curves  show 

amount  of  cattJase  in  the  blood  of  the  liver; curves  show  amount  of  cata- 
lase in  the  blood  of  the  portal  vein;  -----  curves  show  amount  of  catalase  in 
the  blood  of  the  jugular.  The  figures  along  the  abscissa  indicate  time  in  minutes, 
and  those  along  the  ordinate,  amounts  of  catalase  measured  in  cubic  centimeters 
of  oxygen. 


lating  effect  of  the  fruit  which  had  undergone  the  ripening  process  is 
attributed  to  the  large  amount  of  sugar  and  possibly  alcohol  in  this 
material.  The  introduction  of  the  macerated  lemons  and  apples  pro- 
duced very  Uttle  if  any  increase  while  the  rhubarb  and  grape  fruit  pro- 
duced a  very  small  increase  in  catalase. 

The  chocolate  and  cocoa  used  in  the  experiments  in  figure  6were  pre- 
pared by  dissolving  200  grams  of  Baker's  chocolate  and  200  grams  of 
cocoa  in  300  cc.  of  water.    The  coffee  was  prepared  by  addii^  SOgrams 
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of  this  material  to  400  cc.  of  water  and  boiling.    The  milk  used  was 

500  cc.  of  fresh  cow's  milk.  It  will  be  seen  that  the  chocolate  produced 
'  a  marked  increase  in  the  catalase  of  the  blood,  the  coffee  an  increase 

in  the  catalase  of  the  portal  blood  and  the  milk  a  very  sUght  increase, 
/  while  the  cocoa  produced  no  increase  at  all.  The  only  difference  between 
/  the  cocoa  and  chocolate  used  was  that  the  former  contained  much  lees 

fat  than  the  latter,  hence  the  stimulating  effect  of  the  chocolate  must 
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Fig.  6.  Curves  sbowiag  effect  of  the  introduction  of  chocolate,  coffee,  milk, 
cocoa  and  alcohol  into  the  alimentary  tract  on  the  catalaae  content  of  the  blood 
of  the  liver,  portal  and  jugular  veins.  Curves  show  amount  of  cata- 
lase in  the  blood  of  the  liver; curves  show  amount  of  catalase  in   the 

blood  of  the  portal  vein;  -----  curves  show  amount  of  catalase  in  the  blood 
of  the  jugular.  The  figures  along  the  abscissa  indicate  time  in  minutes,  and 
those  along  the  ordinate,  amounts  of  catalase  measured  in  cubic  centimeters  of 
oxyiren. 


have  been  due  to  the  presence  of  the  fat.  The  increase  in  catalase  pro- 
/duced  by  the  coffee  must  have  been  due  to  the  stimulation  of  the  ali- 
mentary glands  since  the  increase  was  confined  entirely  to  the  portal 
blood.  Forty-five  minutes  after  the  introduction  of  the  cocoa  when  it 
had  produced  no  increase  in  the  catalase,  500  cc.  of  45  per  cent  ethyl 
alcohol  were  introduced  which,  as  may  be  seen,  produced  a  marked 
increase  in  catalase. 
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Lavoisier  showed  that  the  ingestion  of  food  increased  oxidation  in  the 
body,  Rubner  showed  that  of  the  foodstuffs  meat  ingestion  increased 
oxidation  most,  fat  next  and  sugar  least.  Magnus-Levy  (3)  showed 
that  the  ingestion  of  320  grams  of  fat  bacon  increased  metabolism  19 
per  cent  and  the  ii^estion  of  210  grams  of  butter  increased  it  14  per 
cent.  Johansson,  Billstrom  and  Heijl  (4)^owed  that  ingestion  of  the 
simple  sugars  increased  metabolism.  Means,  Aub  and  DuBois  (6) 
showed  that  the  administration  of  large  doses  of  caffeine  to  normal  indi- 
viduals produced  an  increase  in  the  basal  metabolism  10  to  30  per 
cent.  Lusk  (6)  showed  that  the  ingestion  of  olive  oil  as  well  as  amino 
acids  increased  metabolism  and  accordingly  suggested  that  the  stimu- 
lating effect  of  protein  to  increased  heat  production  is  due  to  the  influx 
of  amino  acids  or  organic  acids  resulting  from  the  deamination  of  the 
amino  acids.  Benedict  (7)  claims  that  the  ingestion  of  carbohydrates 
increases  oxidation  by  the  formation  of  acid  intermediary  products 
which  stimulate  metabolism.  Voit  (8)  beHeved  that  the  presence  of  in- 
creased quantities  of  food  materials  augmented  the  inherent  power  of 
the  cells  to  metabolize,  while  Rubner  contended  that  the  increased  heat 
production  which  follows  the  taking  of  food  was  due  to  heat  developed, 
from  intermediary  reactions  and  oxidations  which  were  in  no  way  in- 
volved in  the  life  processes  of  the  cells.  It  may  be  seen  in  this  paper  ' 
that  all  of  the  substances  which  the  different  investigators  found  to  in- 
crease oxidation  also  increased  the  catalase  of  the  blood  and  hence  of 
the  tissues  by  stimulating  the  digestive  glands,  particularly  the  livel',  to 
an  increased  output  of  this  enzyme.  -  The  increase  in  oxidation  after "' 
the  taking  of  food  may  be  due  to  the  increase  in  catalase.  The  fact 
that  when  oxidation  is  increased  in  the  body,  as  for  example,  by  increas- 
ing the  amount  of  work,  by  thyroid  feeding,  by  fighting,  in  the  excite- 
ment stage  of  anaesthesia,  there  occurs  a  oorresponding  increase  in 
catalase  and  that  when  oxidation  is  decreased,  as  for  example,  by  de- 
creasing the  amount  of  work,  by  starvation,  by  phosphorus  poisoning,  in 
deep  narcosis,  in  "surgical  shock,"  or  rendered  defective  as  in  pancre- 
atic diabetes,  there  results  a  decrease  in  catalase,  would  seem  to  offer 
further  evidence  in  this  direction.  It  may  be  mentioned  in  this  con- 
nection that  we  have  found  that  when  heat  production  was  raised  to 
higher  levels  by  the  ingestion  of  lai^er  quantities  of  meat  as  observed 
by  Rubner  (9),  there  occurred  a  corresponding  increase  in  catalase. 
The  catalase  content  of  the  blood  of  a  poorly  fed  dog  was  also  found  to 
be  increased  by  feeding  the  animal  well  with  the  ordinary  food  mate- 
rials.   It  was  also  found  that  there  was  an  increase  in  the  catalase  of 
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the  blood  during  moderate  exercise  while  there  was  a  decrease  during 
very  severe  exercise  and  fatigue.  During  the  period  of  recovery 
from  fatigue  the  catalase  rose  to  the  normal  amount.  If  catalaee  la 
the  enzyme  principally  responsible  for  oxidation  in  the  body,  it  may  be 
that  the  decrease  in  catalase  with  resulting  decrease  in  oxidation  is  one 
of  the  factors  involved  in  the  production  of  fatigue  and  the  increaee  a 
factor  in  the  recovery  from  fatigue.  Of  the  four  or  five  hundred  dogs 
that  have  been  used  in  connectiou  with  our  work  on  catalase  during  the 
past  three  years,  we  have  observed  that  the  catalase  of  the  blood  of 
^^vely,  energetic  dogs  is  almost  invariably  high  while  that  of  less  ener- 
getic dogs  is  lower.  As  a  rule  one  can  pick  out  the  dogs  of  high  cata- 
lase on  the  basis  of  liveliness.  The  amount  of  oxygen  liberated  from 
hydrogen  peroxide  by  the  blood  of  sluggish  dogs  rarely  exceeds  30  or 
40  cc.  and  may  be  as  low  as  10  cc.  in  certain  very  sluggish  dogs,  while 
the  amount  hberated  by  the  blood  of  Uvely  dogs  rarely  falls  below  70  or 
80  cc.  and  may  be  as  high  as  175  cc.  in  certain  very  active  animals. 


The  increase  in  oxidation  following  the  ingestion  of  food  is  attribu- 
ted to  the  increase  in  catalase  produced  by  the  stimulation  of  the  diges- 
tive glands,  particularly  the  liver,  to  an  increased  output  of  this  en- 
zyme. The  glycerine  ra(fical  of  the  fat  molecule  is  responsible  for  the 
stimulating  effect  of  the  fats;  the  end  products  of  protein  digestion, 
presumably  the  amino  acids,  for  the  stimulating  effect  of  meat;  and 
the  simple  sugars  for  the  stimulating  effect  of  the  starchy  foods. 
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In  connection  with  metabolism  experiments  recently  reported  (1), 
(2),  it  has  been  possible  to  secure  data  upon  the  losses  of  nitrogen, 
phosphorus,  calcium  and  iron  in  the  menstrual  flow.  The  results  may 
be  of  interest  to  readers  of  this  Journal  in  connection  with  the  studies 
on  the  "periodic  cardiovascular  and  temperature  variations  in  women" 
published  by  King  (3). 

King's  results  show  slight  but  irregular  changes  in  temperature, 
pulse  and  blood  pressure  previous  to  and  during  the  menstrual  period 
although  the  changes  throughout  the  month  are  often  as  marked  as 
those  at  the  menstrual  period.  She  feels  however  that  there  is  con- 
siderable consistency  in  the  variation  at  this  period  so  that  her  conclu- 
sion is  that  there  is  a  slight  but  periodic  movement  in  the  physiolc^ical 
processes  of  women. 

In  the  experiments  referred  to  in  this  paper  the  subjects  were  healthy 
women  who  were  working  in  the  laboratory  from  ten  to  twelve  hours  a 
day.  The  main  object  of  the  experiments  and  the  details  with  regard 
to  diet  have  been  carefully  described  in  the  papers  referred  to  above. 
In  general  the  object  was  to  ascertain  whether  the  calcium  and  phos- 
phorus requirements  of  women  differed  materially  from  those  of  men. 
The  diet  of  each  subject  was  uniform  from  day  to  day  and  the  daily 
intake  and  output  for  nitrogen,  calcium  and  phosphorus  were  deter- 
mined by  analysis.  The  menstrual  flow  was  collected  on  absorbent 
cotton,  extracted  frequently  in  tepid  distilled  water  and  the  separate 
extractions  preserved  as  one  sample.  The  volume  was  kept  as  small 
as  possible— usually  below  2000  cc. — and  the  sample  was  preserved 
with  thymol.  At  the  end  of  the  period  samples  of  the  solution  and 
the  used  cotton  were  analyzed  fornitrogen,  calcium  and  phosphorus. 
Samples  of  the  unused  cotton  were  also  analyzed  and  the  amounts  of 
nitn^n,  calcium  and  phosphorus  found  in  this  material  deducted  from 
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the  amount  in  the  used  cotton.     The  results  are  shown  in  the  following 
table: 


Nitrogen,   pkosphoraa  and  calcium  output  in  Ike  menttTual  fiow.     TheK  Ttttdtt 
compared  wilk  tht  tmerage  total  daily  output  for  the  tame  period 


Subject  K: 
Exp.  1.... 
Exp.  2.... 

Subject  M: 
Exp.  1.... 
Exp.  2.... 

Subject  N: 
Exp.  1..., 


O.310.O130.OO14 


10.86  0.74  0.22 


The  total  amount  of  calcium  and  phosphorus  lost  through  the  men- 
strual flow  as  shown  by  the  above  table  is  small,  and  while  the  handling 
of  the  sample  is  necessarily  crude,  the  figures  are  at  least  suggestive 
that  there  is  not  a  large  loss  of  either  of  these  elements  at  the  monthly 
period.  The  nitrogen  loss  is  lat^r  than  that  of  either  the  calcium  or 
the  phosphorus  but  when  viewed  in  the  light  of  the  total  output  for 
the  month  is  not  very  significant. 

In  experiment  2  for  subject  K  and  in  experiment  1  for  each  of  sub- 
jects M  and  N  iron  was  determined  on  the  sample  with  34,  38  and  42 
mgm.  of  iron  respectively  for  the  menstrual  period  of  each  of  these 
three  experiments.  When  viewed  in  the  light  of  the  standard  for  daily 
requirement  of  intn  (from  10  to  15  mgms.),  the  loss  of  iron  at  this  period 
is  probably  an  important  factor  and  should  be  considered  by  women  in 
choosing  their  daily  diet.  The  loss  of  iron  then  seemed  to  be  more 
significant  than  any  of  the  other  elements  investigated. 

A  study  of  the  daily  output  of  these  six  experiments  (1),  (2)  seems 
to  give  very  little  basis  for  discussing  nitrt^en  retention  either  previous 
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to  or  during  the  menstrual  period.  In  experiment  I,  for  subject  K 
there  was  a  noticeable  retention  of  both  nitrogen  and  calcium  on  the 
first  day  of  the  period.  The  output  of  nitrogen  for  the  day  preceding 
the  period,  for  the  four  days  of  the  period  and  for  the  day  following  the 
period  is  as  follows:  8.84,  7.00,  9.49,  8.47,  8.80  and  8.08  grams  respec- 
tively. On  only  two  other  days  during  the  month  did  the  nitrogen  out- 
put fall  below  8.00  grams,  the  lowest  of  these  being  7.48  grams  for  the 
second  day  of  the  experiment.  The  average  daily  output  for  the 
month  was  8.72  grams.  This  is  the  only  experiment  which  shows  a 
definite  nitrogen  retention  at  the  beginning  of  the  menstrual  period . 

In  two  of  the  six  experiments  the  menstrual  period  was  so  near  the 
beginning  of  the  experiment  that  the  output  may  have  been  influenced 
by  the  previous  diet.  In  the  three  remaining  experiments  the  nitro- 
gen output  for  the  first  day  of  the  period  or  of  the  preceding  day  was 
only  slightly  lower  than  for  the  few  days  previous,  making  a  difference 
BO  small  as  to  come  within  the  range  of  experimental  error  and  sinoe 
there  were  several  other  isolated  days  throughout  the  month  when 
the  output  was  as  low  or  lower  than  the  output  for  this  day  it  would  be 
impossible  to  say  definitely  that  there  was  a  regular  retention  at  this 
period.  Experiments  covering  more  than  one  menstrual  period  with 
several  subjects  would  be  required  before  definite  conclusions  could  be 
drawn. 

These  results  show  as  did  those  of  King  that  there  are  as  great  varia- 
tioas  during  the  intermenstrual  periods  as  at  the  period  itself  and  that 
the  tendency  to  a  variation  at  the  menstrual  period  is  slight 

To  compensate  however  for  the  diminished  urinary  nitrc^en  excre- 
tion at  the  beginningof  the  menstrual  period  as  previously  observed  (4), 
(5),  there  is  the  extra  output  of  nitrogen  in  the  menstrual  flow.  It  con- 
tains from  1.5  to  3.0  grams  of  nitrogen  for  the  period,  or  an  average  of 
0.3  to  0.6  gram  per  day  during  the  period,  which  is  equivalent  to  0.05 
to  0.1  gram  per  day  for  the  month. 

Of  phosphorus  and  calcium  the  amounts  lost  through  the  menstrual 
flow  were  only  about  0.03  to  0.06  gram  and  0.01  to  0.02  gram  respec- 
tively for  the  period — quantities  which  are  smaUer  than  the  chance 
variations  in  the  output  from  day  to  day. 

The  data  therefore  show  that  there  is  no  pronoimced  periodicity  in 
the  output  of  phosphorus  and  calcium  and  that  the  amounts  of  these 
elements  lost  in  menstruation  are  not  sufficient  to  make  the  nutritive 
requirements  of  women  for  these  elements  materially  different  from 
those  of  men  of  the  same  weight.  The  figures  for  iron  however  may 
indicate  a  more  significant  difference. 
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Detenniiiations  of  muscular  strength  in  human  beings  by  means-  of 
dynamometers  have  been  made  in  large  numbers  by  numerous  investi- 
gators in  connection  with  vmous  problems  (1).  Among  the  problems 
so  approached  may  be  mentioned  studies  of  fatigue  (2)  and  of  rela- 
tionship between  physical  strength  and  intelligence  (3).  The  favorite 
instrument  in  these  studies  has  been  the  grip  dynamometer,  either  the 
old  form  of  Collin  or  the  improved  type  designed  by  Smedley  (1).  In 
spite  of  the  objections  that  have  been  urged  against  the  grip  dyna- 
mometer as  an  instrument  of  research,  much  valuable  information  has 
been  obtained  with  its  aid  (1).  It  presents,  however,  the  undoubted 
shortcoming  of  making  use  of  one  of  the  most  complex  musculatures  of 
the  body  and  a  musculature,  moreover,  which  receives  much  special 
training.  The  question  may  properly  be  raised  whether  the  strength 
of  the  grip  truly  represents  general  bodily  strength  or  whether  this  par- 
ticular musculature  may  not  reflect  special  conditions  to  an  exceptional 
degree.  A  test  of  strength,  to  be  quite  satisfactory,  should  afford  in- 
formation of  the  strength  of  the  body  as  a  whole.  Ideally  it  should 
include  all  the  important  muscle-groups;  practically  a  strength  test  is 
valid  if  proof  can  be  furnished  that  it  constitutes  af air  sample  of  the  entire 
strength. 

The  system  of  muscle-testing  in  course  of  presentation  in  the  series 
.of  papers  of  which  this  is  the  second  (4)  differs  from  the  systems  previ- 
ously propcsed  in  the  fundamental  fact  that  it  measures  "breaking 
strength"  of  muscles,  namely,  the  force  required  to  overcome  maximal 
resistance  rather  than  the  utmost  positive  effort,  as  in  other  methods. 
Which  system  is  better  can  be  determined  finally  only  by  continued 
experience  and  comparison.    Certain  advantageous  features  of  the 
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present  syatem  may  be  mentioned.  As  a  routine  feature  of  the  teat 
the  subject  is  required  to  develop  resiBtance  at  the  command  "hold 
back"  uttered  sharply.  We  find  that  under  this  stimulus  the  maximum 
eflfort  is  elicited,  almost  asareflex.    Only  by  deliberate  planning  on  the 

TABLE  1 

Average  percentage  diHribuiion  of  ttrength  amoTtg  the  muaelet,  adull  male*.    For 
eompariaon  the  dUlribution  for  cMldren  of  IS  to  18  years  is  given  alto 


ADtFLT  MtLU 

13  to  18  iiu* 

Feet 

10.00 
2.85 

i.go 

1.80 

I. SO 
1.40 
3.70 
3.30 

3.30 
1.75 

2.36 
1.70 
2.10 
1.40 

l.fiO 
2.25 

1.06 
1.35 

0.66 
2.96 

1.30 

Evenion 

Thishe 

Knee* 

Flexion 

Shouldere 

Forearm) 

Flarion.      . 

WriaU 

1  35 

FI«uoa 

Fingers 

Thumbt 

Adduction  .   . 

part  of  the  subject  will  less  than  his  best  efiFort  be  put  forth.  Thus  an 
element  of  reliability  is  introduced,  which  is  of  the  h^est  importance. 
As  a  matter  of  fact  the  deliberate  attempt  to  make  an  inferior  showing 
is  instantly  revealed  in  the  changed  character  of  the  reaponse.  Since 
the  spring  balance  with  which  the  strength  is  determined  is  held  in  the 
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hands  of  the  operator,  the  line  of  pull  can  be  rectified  in  accordance  with 
the  position  of  the  subject.  The  maintenance  of  correct  lines  of  pull  is 
of  course  essential  to  the  validity  of  any  system  of  strength-testing. 
The  promptness  with  which  the  correct  position  can  be  taken  is  a  feature 
of  this  method  which  becomes  valuable  as  a  saver  of  time  when  large 
series  of  tests  are  being  carried  on. 

The  muade-test.  The  system  of  muscle-testing  as  originally  developed 
is  described  elsewhere  (5).  The  list  of  muscles  included  in  the  complete 
test  is  set  down  in  table  1.  For  the  series  of  tests  on  adults  on  which  this 
paper  is  based  certain  muscle-gi;oups  were  regularly  omitted.  These 
were  a,  the  plantar  flexors,  which  are  so  strong  in  adults  as  to  make 
their  testing  a  matter  of  inconvenience,  since  a  lever  hss  to  be  arranged 
for  multiplying  the  force  of  the  spring-balance  pull;  b,  the  finger  exten- 
sors, which  were  omitted  because  their  short  leverage  requires  the  sub- 
stitution of  a  special  narrow  sling  for  the  full-width  sling  used  with  the 
other  muscle-groups,  a  time  consuming  substitution,  and  in  this  par- 
ticular series  the  saving  of  time  was  an  important  consideration.  Tests 
of  finger  flexors  were  made  on  only  part  of  the  subjects.  Here  the 
short  leverage,  together  with  the  great  strength,  marks  the  group  as  lees 
satisfactory  than  most  of  the  others.  Tests  of  the  wrist  flexors  were 
omitted  from  part  of  the  early  subjects  on  account  of  a  fear,  found 
later  to  be  unjustified,  that  testing  them  might  give  discomfort. 

Subjects.  The  adults  tested  were  students  or  instructors  in  this 
University.  For  assistance  in  obtaining  the  cooperation  of  these  indi- 
triduals  we  are  indebted  to  the  Department  of  MiUtary  Training  of 
Stanford  University,  for  whose  courtesy  we  wish  to  express  our  thanks. 
In  addition  to  the  fifty  adult  males  on  whom  the  report  is  primarily 
based,  we  had  access  to  the  records  of  an  equal  number  of  adult  females 
tested  by  Doctor  Mosher  and  one  of  us  (6).  There  were  also  available 
the  records  of  fifteen  adults  from  the  series  of  infantile  paralysis  cases 
reported  in  a  former  paper  (4),  and  more  than  a  hundred  "short" 
tests  (p.  34)  made  from  time  to  time  as  opportunity  offered.  In  many 
cases  duplicate  records  were  made  at  least  eight  hours  apart;  about  one- 
fourth  of  the  subjects  were  tested  five  or  more  times. 

Object  of  the  experiments.  Our  object  in  these  experiments  was  in 
part  the  establishing  for  adults  of  the  constants  previously  worked  out 
for  children  (4).  In  addition  to  this,  however,  we  had  in  mind  the  pos- 
sibility that  this  system  of  testing  might  offer  certain  advantages  for 
the  routine  determination  of  strength  provided  it  could  be  shown  to  be 
scientifically  reliable  and  practical  in  appUcation. 
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The  complete  test,  aa  outlined  in  table  1,  can  scarcely  be  carried 
through  in  less  than  a  half-hour.  Clearly,  for  practical  purposes,  some 
abbreviation  is  highly  de&irable.  A  feasible  method  of  abbreviation 
would  be  to  make  actual  determinations  of  strength  of  a  few  muscle- 


Co^^entt  of  corretatio 


TABLE  2 

1,  tJidiindwil  mtitcU-groape  I 


total  tiren{ith,  68  adulLi 


Rwht 

L«ft 

Ptet 

0.86 
0.68 
0.7i 

0.815 
0.885 
0.93 
0.89 

0,87 

0,92 
0.73 
0,77 
0,59 

0.825 
0.89 

0.61 
0.60 

0.47 
0.80 

Everaion 

Thighs 

Ejcteoaion 

0.87 

Kntti 

0.865 

SAouWera 

0.76 

0  79 

Forearma 

Flexion 

Writli 

Fingerx 

Flexion 

0.50 

ThuwbB 

groupe  only  and  to  compute  from  these  the  total  strength.  That  such 
a  method  is  valid  is  suggested  in  a  former  paper  (Martin:  loc.  cit.,  p. 
72).  Our  task  here  is  to  verify  the  validity  of  this  idea  and  to  examine 
the  different  muscle-groups  individually  to  see  which  should  be  included 
in  the  abbreviated  test.    Since  the  first  criterion  of  an  abbreviated  test 
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must  be  its  reliability,  namely,  the  showing  that  it  repreeente  fairly  the 
total  etrength,  the  muscles  selected  for  inclusion  should  be  those  that 
show  the  highest  correlation  of  individiial  strength  with  the  total 
strength,  provided  the  muscles  are  foun'd  to  differ  in  this  regard. 

For  GfMnparing  the  strength  of  iuflividual  muscles  with  the  total 
strength  of  the  body  we  used  a  series  of  fifty-six  cases  on  which  complete 
t€8ts  (except  of  plantar  flexors  and  finger  extensors,  as  noted  above) 
had  been  made.  Records  of  wrist  flexion  and  of  finger  fiexion  were 
missing  also  from  a  pari;  of  the  cases.  These  cases  were  tabulated  and 
tlie  Pearson  coefficient  of  correlation  of  each  muscle  with  the  total 
strength  calculated.  The  results  are  set  down  in  table  2.  Inspection 
of  this  table  shows  that  the  muscles  vary  among  themselves  in  the  extent 
to  which  their  individual  strength  (tends  to  bear  a  fixed  relation  to  the 
total  strength.  There  are  ten  pairs  in  which  the  correlation  of  each 
muscle  of  the  pair  with  the  total  strength  is  above  0.80,  with  a  probable 
error  of  not  to  exceed  1^0.032.  Evidently  a  ehort  test  will  be  most 
reliable  if  selected  from  among  these  ten  pairs  of  muscle-groups.  Inci- 
dentally it  may  be  noted  that  the  lowest  coefficients  of  correlation  in 
the  entire  series  were  given  by  the  finger  flexors,  which  are  the  muscles 
used  in  teste  of  strength  with  grip  dynamometers.  It  is  probable  that 
these  coefficients  are  lower  than  would  be  given  by  tests  taken  with  per- 
fected instruments  of  the  Smedley  type,  but  the  fact  which  seems  to 
be  generally  true,  to  judge  from  table  2,  that  the  muscle-groups  with 
short  leverage  correlate  leas  closely  than  do  those  with  long  leverage, 
indicates  that  the  original  selection  of  the  grip  as  a  criterion  of  bodily 
strength  was  pertiaps  unfortunate. 

In  making  selection  for  a  short  test  from  among  the  ten  pairs  of 
muscle-groups  whose  correlations  with  total  strength  are  satisfactorily 
high,  the  determining  criterion  would  seem  to  be  altogether  that  of 
suitableness  for  the  practical  procedure  of  the  teat.  The  application 
of  this  criterion  narrows  at  once  the  range  of  selection.  Thus  hip  ex- 
tensors, hip  flexors  and  knee  extensors,  although  correlatii^  well  with 
total  strength,  are  imdesirable  from  the  practical  standpoint  because 
they  are  very  strong  muscles,  requiring  often  a  tension  of  two  hundred 
pounds  or  more  to  overcome  their  resistance,  and  the  great  labor 
involved  in  developing  this  high  tension  repeatedly  is  likely  to  prove 
too  exhausting  to  the  giver  of  the  tests.  The  knee  flexors  are  among  the 
most  satisfactory  muscles  tested  on  children,  but  with  adults  they  are 
likely  to  cramp  when  contracted  forcibly,  a  fact  which  constitutes  a 
valid  objection  to  their  use  in  a  routine  test.    There  remain  in  the 
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available  list  six  purs  of  muscIe-groupB,  three  on  the  lege:  doraiflexore 
of  tlLe  foot,  adductors  of  the  thigh,  abductors  of  the  thigh;  and  three  od 
the  arms:  pectorals,  extensors  of  the  forearm,  flexors  of  the  forearm. 
Minor  considerationB  suggest  the  elimination  from  the  short  teat  of 
the  dorsiflexoiB  of  the  foot  and  the  extensors  of  the  forearm :  the  first 
because  remoTsl  of  the  shoe  would  be  necessary,  the  second  because 
testing  of  the  forearm  extensors  involves  a  degree  of  care  in  placing  the 
parts  in  position  which  militates  against  speed  in  carrying  out  the  test. 
With  the  idea  that  the  test  might  be  found  available  in  industrial  stud- 
ies we  have  striven  to  reduce  the  time  required  to  the  least  possible 
figure.  The  four  paired  of  muscle-groups  now  included  in  the  list  are  the 
adductors  and  abductors  of  the  thigh,  the  pectorals  and  the  flexors  of 
the  forearm.  Without  any  real  justification  but  merely  from  a  feeling 
that  the  muscles  which  move  the  hand  ought  to  have  representation  in 
the  short  test,  we  added  originally  to  this  list  the  fiexors  of  the  wrist. 
Additional  experience  has  convinced  us,  however,  that  the  added  in- 
formation  thus  obtained  is  not  of  sufficient  importance  to  justify  the 
additional  time  consumed  in  testing  the  wrist  muscles;  we  omit  them, 
therefore,  from  our  standard  short  test  as  here  proposed. 

For  the  sake  of  completeness,  and  also  in  order  that  simple  direc- 
tions may  be  readily  avail^e,  the  technique  of  the  short  test  is  here 
outlined. 

A  pparatut  rtquired.  An  ordinary  flat-face  spring-balance  with  a  scale  capac- 
ity of  200  pounds  by  2  pounds,  equipped  with  a  self-registering  index.  (There 
are  scales  on  the  market  with  self-registering  indicM  but  these  are  heavier  ttutn 
desirable.  We  have  found  it  satisfactory  to  fit  up  an  ordinary  scale  in  outown 
ahop  with  a  simple  device.  ]  A  stout  wood  handle  ia  attached  by  a  swivel  to  the 
upper  end  of  the  scale,  and  a  loop  of  stout  leather  1}  inch  wide  and  30  inches  in 
circumference  is  attached  by  another  swivel  to  the  lower  end  of  the  balance. 

A  stout  table  6}  feet  long  and  2}  feet  wide,  with  a  cleat  secured  firmly  across 
one  end.  A  cushion  on  which  the  subject's  headmay  rest' should  be  provided  with 
this  tabic. 

An  upright  post  4  inches  square  and  at  least  6]  feet  high,  so  placed  that  it  is 
euiTOunded  on  at  least  three  sides  by  ample  space.  Some  form  of  hand-bold  ia 
provided  by  which  the  subject  may  steady  bimaelf  as  be  leans  against  the  post. 
(A  knotted  rope  tied  to  a  convenient  ring  near  by  answers  well  for  this  hand-hold.) 

Procedure:  Oentrai  xnttructitma.  The  individual  to  be  tested  is  referred  to  as 
the  subject.  The  persons  giving  the  teat  are:  first,  the  adjuster;  second,  the 
operator. 

The  duties  of  the  adjustor  are  to  place  the  loop  in  the  assigned  position  about 
the  arm  or  leg,  support  it  there  with  one  hand  and,  if  necessary,  the  arm  or  leg 
of  the  subject  with  the  other.  He  gives  the  command  "hold  back"  to  mark  the 
beginning  of  the  pull,  and  "stop"  to  mark  the  end. 
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The  operator  has  the  handle  of  the  balance  io  his  right  hand  and  the  body 
of  the  baluioe  in  hie  left. 

After  the  loop  is  adjusted  the  adjustor  gives  the  command  "holdbaclc."  At 
this  oommand  ths  subjiBct.coatracta  with  all  his  power  the  muscle-group  being 
tested  and  simultaneously  the  operator  pulls  upon  the  spiing'balance-  Tension 
must  be  develop«d  as  rapidly  as  possible  vilh/yui  jerking,  and  must  beinoreased 
until  the  reeistanee of  the  subject  is  actually  overoome.  AtthecommBud  "stop" 
the  pull  is  discontinued  immediately.  The  scale  is  read  at  otiee  and  the  reading 
recorded  by  the  assisting  clerk.  The  sliding  indicator  of  the  scale  must  always 
be  returned  to  the  sero  position  immediately. 
Tests  are  taken  with  the  subject  fully  dreseed. 
Muscle-groups  that  are  reported  by  the  subject  to  be  sore  are  not  tested. 

Calettlation  of  total  itrengtk.  The  sum  of  the  strengths  shown  by  the  individual 
muscles  included  in  the  short  test  constitutes  15  per  oentof  the  entire  strength 
as  found  by  the  complete  test  (see  table  1).  To  calculate  the  entire  strength, 
therefore,  the  sum  of  these  determined  strengths  must  be  multiplied  by  the  re- 
ciprocal of  0.15,  which  is  6.67.  The  product  thus  obtained  is  the  figure  for  the 
strength  of  the  subject.  If  for  any  reason  any  muscle-group  was  omitted  from 
the  test,  assume  the  strength  of  the  omitted  muscle  to  be  the  same  as  that  of  the 
corresponding  muscle  on  the  other  side. 

Detailed  teehrtique  of  the  teai».  a.  Pectoralt.  The  subject  stands  at  attention 
with  the  middle  of  his  back  pressed  firmly  against  the  upright  post  and  the  hand 
of  the  arm  not  being  tested  grasping  the  hand-hold.  The  arm  to  be  tested  is 
allowed  to  be  limp  in  the  hands  of  the  adjustor  until  the  command  "bold  back," 
with  which  conunand  the  pectoral  muselea  are  contracted  as  strongly  as  possible. 
The  adjustoratandsdirectlyinfront  of  the  subject,  facing  him;  places  the  loop  of 
the  balance  about  the  arm  to  be  tested,  just  above  the  elbow;  with  one  hand 
he  holds  the  (oop  in  position  and  grasps  lightly  the  subject's  hand  or  wrist  with 
his  other  hand.  Keeping  the  sXibjeot's  arm  straight,  the  adjustor  draws  it  across 
the  subject's  body  as  far  as  possible,  keeping  it  as  close  to  the  body  as  can  be 
done  and  still  give  clearance  for  the  loop.  At  the  command  "hold  back"  the 
subject's  effort  is  to  hold  the  arm  from  being  drawn  backward  and  downward  from 
this  position.  The  operator,  standing  at  the  subject's  side,  holds  the  balance  in 
a  line  downward  and  backward  from  the  subject's  elbow  in  such  a  position  that 
the  ann  as  drawn  back  will  just  clear  the  subject's  body.  Atthecommand  "hold 
back"  the  operator  develops  sufficient  tension  to  draw  the  arm  down  to  the  side 
of  the  body.  The  conunand  "stop"  must  be  given  and  the  pulling  discontinued 
before  the  arm  has  been  drawn  beyond  the  vertical  line. 

b.  Forearm  jUxor*.  The  subject  lies  on  his  back  on  the  table  with  his  heels 
pressed  firmly  against  the  cleat.  The  adjustor  stands  at  the  subject's  left  for 
both  flexors.  His  right  hand  holds  the  subject's  elbow  to  the  table ;  his  left  hand 
brings  the  subject's  forearm  into  a  position  of  flexion  about  16  degrees  toward  the 
shoulder  from  the  vertical,  and  adjusts  the  loop  about  the  wrist  so  that  its  upper 
edge  is  at  the  crease  in  the  skin  at  the  base  of  the  hand.  The  operator  stands  at 
the  foot  of  the  table ;  he  develops  tension  at  the  word  of  command.  The  command 
"stop"  should  be  given  when  the  forearm  reaches  the  vertical. 

c.  Thigh  oddKclore,  Position  of  the  subject  same  as  in  the  above  test  except 
that  he  presses  against  the  cleat  only  with  the  foot  of  the  leg  that  is  not  to  be 
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tested.  He  m&y  steady  himself  by  gruping  the  edges  of  the  table.  The  adjustor 
stands  at  the  foot  of  the  table;  with  one  hand  be  places  the  loop  in  the  holloir 
just  above  the  malleolus  (an  equally  correct  index  is  tohave  the  loop  just  clear  of 
the  top  of  an  ordinary  man's  shoe) ;  he  seiies  the  subject's  heel  with  the  other 
hand;  lifts  the  leg  until  the  heel  is  just  high  enough  to  cleai*  the  other  toe,  and 
then  draws  the  leg  into  extreme  adduction.  The  toe  of  the  leg  to  be  tested  must 
be  kept  vertical.  The  operator  stands  at  the  side  of  the  table  and  develops  ten- 
sion at  the  word  of  command.  The  command  "stop"  should  be  given  as  soon  as 
the  leg  is  drawn  into  line  with  the  axis  of  the  body. 

d.  Thigh  abductora.  The  position  of  the  subject  and  of  the  adjuster  is  the 
same  as  in  the  above  test.  The  loop  is  placed  as  for  the  adductors  except  that 
the  direction  of  pull  is  opposite.  The  leg  to  be  tested  is  drawn  out  15  degrees  be- 
yond the  line  of  the  body;  the  effort  of  the  subject  at  the  command  "hold  back" 
is  to  prevent  the  operator  from  drawing  the  leg  into  line  with  the  body.  The 
command  "etop"  is  given  just  as  the  leg  reaches  the  midline. 

The  most  convenient  order  for  the  teste  is  as  follows: 

Right  pectoral 
Left  pectoral 
Right  forearm  flexor 
Left  foreann  flexor 
Right  thigh  adductor 
Left  thigh  abductor 
Right  thigh  abductor 
Left  thigh  adductor 

Although  the  satisfactory  giving  of  the  test  requires  careful  traioiDg 
and  considerable  practice  on  the  part  of  operator  and  adjuster,  the 
demands  upon  the  subject  are  not  great.  We  have  made  successful  - 
tests  upon  subjects  with  a  very  limited  knowledge  of  English  and 
only  ordinary  intelligence.  Much  time  can  be  saved  by  letting  sub- 
jects not  yet  tested  see  the  test  carried  out  on  others.  In  this  way  they 
learn  what  is  expected  of  them  and  carry  out  their  part  promptly 
vbea  their  turn  comes.  A  few  seconds  over  one  minute  is  usually 
enough  time  for  carrying  out  a  short  test. 

Certain  relationships  which  can  readily  be  carried  in  mind  are  help- 
ful in  connection  with  the  making  of  tests,  especially  where  there  is 
suspicion  of  malingering.  Thus,  as  table  1  shows,  pectorals  and  fore- 
,  arm  flexors  are  of  nearly  equal  strei^h,  as  are  thigh  adductors  and  ab- 
ductors, and  the  former  groups  are  slightly  less  than  twice  as  strong  as 
the  latter.  In  men  of  ordinary  strength  pectoral  and  forearm  flexore 
are  likely  to  range  between  75  and  100  pounds,  and  thigh  adductors 
and  abductors  between  40  and  00  pounds.  Of  fifty-five  adult  males 
selected  at  random,  80  per  cent  of  the  muscles  of  the  short  test  fell 
within  these  limits. 
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That  the  proposed  short  test  is  practicable  we  believe  these  observa- 
tions  demoDstrate.  That  it  gives  a  reliable  picture  of  the  entire  strength 
can  reaaonably  be  assumed  from  the  fact  that  each  individual  muscle- 
group  iDcluded  in  the  test  correlates  well  with  the  entire  strength.  One 
would  expect  to  find  that  the  sununed  strength  of  these  several  muscle- 
groups  would  correlate  with  the  entire  strength  even  better  than  do 
the  individual  muscle-groups.  That  this  is  the  case  was  shown  by  a 
comparison,  on  the  same  series  of  adults  on  which  the  correlation  of 
individual  muscles  were  worked  out,  of  the  summed  strength  of  the 
muscles  of  the  short  test  with  the  entire  strength.  The  coefficient  of 
correlation  of  this  comparison  was  0.94  ^  0.01.  So  high  a  correlation 
constitutes  sufficient  demonstration  that  the  short  test  is  a  reliable 
indicator  of  the  entire  strength. 

Although  the  expression  "entire  strength"  as  here  used  applies  actu- 
ally only  to  that  part  of  the  strength  represented  by  the  muscle-groups 
of  the  complete  test  as  outlined  in  table  1,  these  observations  show  that 
in  all  probability  the  real  "entire  strength"  bears  a  fixed  relationship  to 
the  strength  of  the  muscles  included  in  the  complete  test  and  also,  there- 
fore, to  the  short  test.  The  principle  of  "random  sampling"  applies 
here.  The  muscle-groups  included  in  the  complete  test  constitute  a 
fairly  large  sample  of  the  whole  musculature.  Individual  muscles 
and  small  groups  of  muscles  correlate  well  with  the  summed  strength 
of  the  complete-test  (see  above,  also  Martin:  loc.  cit.,  p.  72),  There 
is  no  physiglogical  or  statistical  principle  that  would  justify  any  other 
assumption  than  that  the  muscle-groups  not  included  in  the  complete 
teet  correlate  equally  well  with  it  and  with  each  other. 

Muscular  symmetry.  In  the  first  paper  of  this  series  (4)  the  distri- 
bution of  strength  among  the  muscles  of  the  body  in  children  was 
shown  to  vary  somewhat  with  age  so  that  three  distinct  age^roups 
could  be  established  (loc.  cit.,  pj  71).  The  symmetry  of  individuals  was 
shown  to  deviate  from  the  ideals  as  set  down  in  the  table  by  varying 
amounts,  averaging  for  the  entire  series  16.7  per  cent  (loc. cit.,  p.  79, 
table).  AppUcation  of  the  method  there  described  to  the  present 
series  of  adult  males  gives  the  figures  for  percentage  strength  distribu- 
tion that  are  presented  in  table  1  of  this  paper.  These  figures  are  aver- 
ages of  sufficient  data  except  for  plantar  flexion  and  finger  extension ; 
the  observations  on  which  those  values  were  obtained  are  fewer  than 
desirable.  Considerable  errors  in  these  two  values  would  affect  the 
others  of  the  series  only  sUghtly,  however,  and  it  is  felt  that  they  are 
sufficiently  close  approximations  for  present  purposes. 
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The  deviations  of  individuals  from  ideal  symmetry  are  decidedly  less 
in  this  series  of  adult  males  than  in  the  series  of  children  presented  in 
the  former  paper.  The  average  mean  deviation  for  this  series  is  10.7 
as  compared  with  16.7  for  the  former.  In  fact,  the  greatest  deviation 
in  this  series,  a  deviation  of  16.5,  is  less  than  the  average  for  children. 
We  were  quite  unprepared  to  find  adults  more  symmetrical  as  a  class 
than  children  and  are  inclined  to  think  that  we  may  have  happened  upon 
an  exceptionally  synometrical  group.  Most  of  them  were  college  un- 
dergraduates and  engaged  at  the  time  when  these  tests  were  being 
made  in  intensive  mihtary  training. 

The  relation  of  strength  to  weight.  A  point  on  which  stress  was  laid  in 
the  former  paper  (4)  was  that  the  ratio  of  strength  to  weight  in  chil- 
dren tends  to  b^  constant.  That  the  same  would  hold  for  adults  seems 
unlikely,  chiefly  because  so  many  other  factors  in  addition  to  we^t  be- 
come operative  in  adults  in  determining  strength.  In  the  former 
paper  (p.  74)  mention  was  made  of  the  fact  that  boys  of  seventeen  and 
e^hteen  years  show  higher  strength-weight  ratios  than  do  younger 
boys,  showing  the  beginnings  of  departure  from  the  childish  condition 
and  suggestii^  the  incidence  of  additional  factors. 

For  a  study  of  the  relation  of  strength  to  weight  we  had  available 
a  series  of  one  hundred  and  twenty-two  adult  males.  This  included 
our  Stanford  instructors  and  students,  a  few  cases  from  the  infantile 
paralysis  series  mentioned  above,  and  a  niunber  of  recent  army  recruits 
that  we  were  cabled  to  test  through  the  courtesy  and  codperation  of 
various  army  officers.  The  group  as  a  whole  would  be  considered  as 
made  up  of  outdoor  men.  The  Stanford  students,  as  previously  not«d, 
were  most  of  them  taking  intensive  military  training.  The  weights 
ranged  from  107  to  196  pounds,  averaging  146.6.  The  strengths  ranged 
from  2000  to  5800  pounds,  averaging,  in  round  numbers,  3900.  (A 
sin^e  individual,  the  coUege  strong  man,  weighing  208  pounds,  made  a 
strength  record  of  7600  pounds.  This  is  so  far  in  excess  of  our  other 
records  that  we  do  not  include  it  among  our  averages).  Hie  ratios  of 
strength  to  weight  ranged  from  19  to  37,  averaging  26.6.  We  are  in- 
clined to  think  that  our  figures  for  average  strength  and  average  strengtb- 
wei^t  ratio  are  somewhat  higher  than  they  would  be  for  adult  males 
in  general. 

As  would  be  expected,  there  is  amoderate  correlation  between  strength 
and  weight,  the  coefficient  for  this  series  being  0.58  =t  0.04.  This  ac- 
cords with  the  familiar  fact  that  on  the  whole  large  men  are  stronger 
than  small  men.     The  correlation  is  not  close  enough,  however,  to 
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indicate  that  with  adults,  as  with  children,  the  body-we^ht  is  the  domi- 
nant factor  in  determining  strength.  Whipple  (loc.  cit.,  p.  114)  cites 
observations  of  correlation  between  strength  and  weight,  in  which 
strength  was  tested  by  a  different  method,  with  the  following  results: 
at  Oxford,  coefficient  of  correlation  0.46;  at  Cambridge,  coefficient  of 
correlation  0.56. 

The  significance  of  the  atrength^weight  ratio.  Where  two  individuals 
of  equal  weight  differ  widely  in  strength  there  are  evidently  at  least 
four  factors  which  may  have  influence  in  accounting  for  the  difference. 
The  first  of  these  is  actual  amount  of  muscular  tissue.  There  are  un- 
doubtedly con^derable  variations  in  the  amounts  of  muscle  substance 
present  in  the  bodies  of  persons  whose  total  weight  is  the  same.  A  sec- 
ond factor  is  bodily  configuration.  It  is  quite  conoeivable  that  cer- 
tain configurations  lend  themselves  more  favorably  to  effective  exhi- 
bitions of  muscular  power  than  do  others.  Infonnation  on  this  point 
is  lacking  although  it  should  be  stated  that  in  respect  to  the  factor  of 
hei^t  as  an  element  in  bodily  configuration  we  have  not  been  able  to 
secure  any  evidence  that  it  has  s^nificance.  In  investigating  this 
point  we  grouped  all  our  cases  according  to  weight,  using  group  inter- 
vals of  five  pounds,  and  then  arranged  all  the  members  of  each  group  in 
ascending  order  of  height.  We  then  examined  the  distribution  of  the 
strongest  and  next  strongest  members  of  each  group  with  relation  to 
height,  and  similarly  of  the  weakest  and  next  weakest.  We  found, 
however,  nothipg  significant.  One-half  the  strong  were  among  the 
short  men  and  the  other  half  among  the  tall.  Substantially  the  same 
distribution  appeared  also  among  the  weak.  Furthermore,  the  average 
strengths  of  the  short  and  tall  halves  of  each  group  were  virtually  equal. 

A  third  factor  is  muscle-quality,  and  this  undoubtedly  has  much  to  do 
with  determining  the  strength.  The  fourth  factor  we  may  call,  for 
lack  of  a  better  term,  innervation.  There  can  be  little  doubt  that  indi- 
viduals vary  in  the  extent  to  which  they  are  able,  by  volition,  to  elicit 
muscular  effort.  That  the  usual  manifestations  fall  far  short  of  the 
potential  maximum  is  shown  by  the  familiar  effects  of  excitement,  as 
in  the  "strength  of  desperation."  We  have  been  at  pains  in  the  de- 
velopment of  our  procedure  to  avoid  introducing  the  factor  of  excite- 
ment. The  attempt  has  been  to  base  the  showii^  upon  a  maximal 
vohtional  effort  made  rather  ae  a  matter  of  routine  than  as  a  feature  of 
competition  or  of  desire  to  establish  a  record.  Our  feeling  has  been 
that  a  maximum  effort  made  in  "  cold  blood"  gives  a  more  uniform,  and 
probably  abo  a  truer  picture  of  the  neuro-muscular  power  than  would 
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a  similar  effort  made  under  tbe  Btimulus  of  excitement.  On  the  wbole, 
muscle  quality  and  innervation  seem  to  us  the  factors  meet  likely  to 
dominate  in  the  determination  of  strength,  and  in  accordance  with  this 
view  we  are  inclined  to  interpret  high  strength-weight  ratios  as  indi- 
cative of  good  muscle-quality  and  good  innervation  and  low  strength- 
weight  ratos  as  indicative  of  poor  muscle-quality  and  poor  innervation. 
Further  investigation  will  be  necessary  before  these  factors  can  be 
separated;  indeed  it  is  quite  within  the  bounds  of  physiologiGal  possibility 
that  they  are  not  separable ;  that  excellence  in  one  feature  isalways  bound 
up  with  excellence  in  the  other  and  vice  versa. 

Physical  classificati<m.  For  convenience  in  assigning  individuals  to 
categories  in  accordance  with  their  physical  strength,  some  simple 
scheme  of  classification  is  desirable.  If  our  assumption  is  correct  that 
the  strength-weight  ratio  is  an  index  of  muscle-quality  and  of  inner- 
vation it  would  suggest  itself  as  a  sound  basis  on  which  to  work  out 
such  a  classification.  The  limits  of  any  such  classification  must  be 
more  or  less  arbitrary,  at  least  until  sufficient  data  are  accumulated  to 
enable  them  to  be  established  by  reference  to  a  normal  probability 
curve.  If  we  are  correct  in  our  assumption  that  the  averages  of  our 
present  series  are  somewhat  higher  than  would  hold  for  adult  males  in 
general,  the  distribution  of  our  cases  about  their  average  is  not  strictly 
comparable  with  the  true  distrib,ution  for  adult  males.  We  feel  dis- 
posed, therefore,  to  suggest  tentatively  somewhat  lower  limits  for  our 
proposed  classes  than  would  be  indicated  by  our  data,  taken  by  them- 
selves. The  limits  of  the  proposed  classes  are  given  in  the  subjoined 
table.  - 

CliKt  ratio 

A more  than  30 

B 25.1-30 

C 20,1-25 

D 16.1-20' 

E leas  thaa  16.1 

The  distribution  of  individuals  in  our  series  of  122  is  as  follows: 
■  class  A,  17  (14  per  cent);  class  B,  56  (46  per  cent);  class  C,  47  (38  per 
cent) ;  elaas  D,  2  (2  per  cent) ;  class  E,  none.  In  general  terms  we  would 
say  that  class  A  includes  exceptionally  strong  men;  class  B,men  of  more 
than  average  strength;  class  C,  men  of  averse. strei^h;  class  D,  men 
of  less  than  aver^estrength;  andclass  E,decided  weaklings.  Although 
our  series  included,  according  to  this  classification,  no  E  men  and  only 
two  D  men,  we  think  it  altogether  likely  that  a  more  representative 
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series,  one  in  which  clerke  and  factory  hands  were  represented,  would 
contain  a  due  proportion  of  D  men  and  a  reduced  percentage  of  A  and 
B  men.  We  are  doubtful  whether  many  healthy  adult  males  will  be 
encountered  whose  strength  is  so  slight  as  to  put  them  into  the  E  class 
although  our  experience  among  the  classes  of  the  population  in  which 
marked  physical  weakness  is  likely  to  prevail  is  practically  nil. 

This  classification,  ba^ed  on  the  strength-weight  ratio,  dVaws  no 
distinction  between  small  men  of  good  quality  and  large  men  of  equally 
good  quaUty,  although  the  latter  will  obviously  be  actually  much  more 
[wwerful  than  the  former.  For  the  practical  purpose  of  assigning  men 
to  categories  in  accordance  with  their  ability  to  achieve  it  would  ap- 
pear that  some  modification  of  the  classification  might  well  be  made  in 
which  there  is  recognition  of  the  importance  of  absolute  muscular  power 
as  well  as  of  good  muscle-quality  and  good  innervation.  This  end 
would  be  achieved  if  definite  lower  limits  of  strength  were  assigned 
to  each  class.  Tentatively  we  would  surest  the  following  hmits: 
class  A,  5000  pounds;  class  B,  4000  pounds;  class  C,  3000  pounds;  class 
D,  1600  pounds.  The  practical  effect  of  these  absolute  limits  would 
be  to  require  small  men  to  show  higher  strength-weight  ratios  than  large 
men,  if  they  are  to  be  placed  in  the  higher  classes.  In  no  case  would  we 
reduce  the  limits  suggested  for  the  strength-weight  ratios  of  the  differ- 
ent classes.  It  would  follow  that  a  man  weighing  distinctly  more  than 
the  average  would  have  to  show  a  strei^th  well  above  the  lower  abso' 
lute  limit  of  any  given  class  in  order  to  attain  a  strength-weight  ratio 
that  would  admit  him  to  it. 


1.  The  distribution  of  strength  among  the  muscles  in  adult  males  is 
given  (table  1). 

2.  The  correlation  between  the  strength  of  individual  muscles  and 
the  entire  strength  is  given  (table  2), 

3.  Statistical  evidence  is  presented  showing  that  estimations  of  entire 
strength  based  on  actual  determinations  of  the  strength  of  a  few  muscle- 
groups  are  valid. 

4.  Four  pairs  of  muscle-groups:  pectorals,  forearm  flexors,  thigh 
adductors  and  thigh  abductors  are  shown  to  correlate  individually  with 
entire  strength  to  a  satisfactory  degree  and  to  be  also  practically  adapted 
for  testing.  They  are  selected,  therefore,  as  constituting  the  "short" 
test. 

5.  The  technique  of  the  short  test  is  presented  in  detail. 
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6.  The  summed  strength  of  the  muscles  of  the  short  test  is  shown 
to  correlatfi  well  with  the  entire  strength,  the  coefficient  being  0.94 
*  0.01. 

7.  The  adult  males  of  this  series  are  shown  to  have  a  higher  average 
Bymmetry  than  the  children  of  the  former  series;  the  average  is  10.7 
as  compared  with  16.7. 

8.  "Hie  ratio  of  strength  to  weight  does  not  show  the  tendency  to  be 
constant  in  adult  males  that  is  seen  in  children.  There  is,  however,  a 
moderate  correlation  between  strength  and  weight. 

9.  The  factors  influencing  the  strength-weight  ratio  are  discussed. 
The  conclusion  is  drawn  that  a  hi^  ratio  signifies  good  muscle-quahty 
end  good  innervation. 

10.  A  physical  classification,  based  primarily  on  the  strength-weight 
ratio  but  modified  to  take  some  account  of  actual  strength,  is  proposed. 
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THE  SIGNIFICANCE  OF  UNDISSOCIATED  CARBON  DIOXIDE 
IN  RESPIRATION 


R«ceived  for  publication  June  22,  1918 

Ilie  r^ulation  of  breathing  has  occupied  the  attention  of  physiol- 
ogists for  many  years  but  the  work  of  Haldane  and  Priestley  (1)  in  1905 
marks  an  epoch  in  the  development  of  our  knowledge  of  the  subject. 
The  facts  they  presented  at  that  time  seemed  to  indicate  that  the  COi 
of  the  arterial  blood  afforded  the  adequate  stimulus  to  the  respiratoiy 
center  and  that  breathing  was  so  regulated  as  to  maintain  at  a  constant 
level  the  C0|  pressure  in  the  alveolar  air  and  hence  in  the  arterial  blood. 
It  was  well  known,  however,  at  the  time  this  hypothesis  was  advanced 
that  not  only  COi  but  also  other  acids  excited  the  respiratory  center 
when  they  were  added  to  the  blood.  As  a  result  of  his  perfusion  experi- 
ments on  newborn  rabbits,  Winterstein  (2)  in  1911  formulated  the 
hypothesis  that  the  blood  C.  was  responsible  for  the  r^iulation  of 
breathing.  More  convincing  evidence  for  this  conclusion  was  given  a 
year  later  by  the  work  of  Hasselbalch  and  Lundsgaard  (3).  They 
were  able  to  show  a  definite  relationship  between  COi  pressure  and 
Ob  in  blood.  The  further  work  of  Hasselbalch  (4)  on  the  effect  of  diet 
showed  that  the  alveolar  Cd  pressure  may  be  altered  by  several  milli- 
meters, but  that  the  chaise  was  in  such  a  direction  as  to  maintain  the 
Cb  of  the  blood  appreciably  normal.  These  results  and  others  led 
Hasselbalch  to  the  conclusion  that  pulmonary  ventilation  is  so  adjusted 
as  to  maintain  the  C^  of  the  blood  constant  and  that  COt  excites  the 
resfHratory  center  only  by  virtue  of  its  acting  as  an  acid  when  in 
solution. 

The  work  of  Hasselbalch  and  Limdsgaard  was  generally  accepted 
by  the  British  school  of  physiologists  led  by  Hfddane  and  it  has  gained 
further  support  by  the  more  recent  clinical  observations  on  the  acid 
intoxications  of  diabetes  and  nephritis.  Indeed  most  of  the  experi- 
mental and  clinical  data  at  present  available  seem  to  substantiate  the 
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hypothesia  that  the  hydrogen  ion  is  the  true  respiratory  hormone. 
A  certain  security  is  given  to  this  view  by  the  nature  of  the  relstiooBhip 
between  COg  tension  and  C^  in  blood.  In  the  intact  animal  it  is  diffi- 
cult to  elicit  evidence  in  favor  of  the  specificity  of  COj  which  might 
not  also  be  attributed  to  the  Cb.  To  circumvent  this  obstacle,  highly 
artificial  methods  such  as  perfusion  experiments  have  been  employed 
by  the  few  investigators  who  have  attempted  to  show  that  CO:  might 
act  63  a  specific  respiratory  hormone.  Lacqueur  and  Verzar  (5), 
using  Winterstein's  original  method  of  perfusing  young  rabbits,  ob- 
tained some  evidence  in  support  of  this  view  but  theu-  results  have  not 
been  accepted.  More  recently  Hooker  (6)  and  his  collaborators,  by 
perfusing  the  isolated  medulla  of  dogs,  have  found  that  bloods  of  a 
certain  Ch  with  a  high  CO:  tension  excite  the  respiratory  center  more 
than  blood  of  the  same  Ch  contaming  HCl  with  a  low  tension  of  COi. 
The  question  naturally  arises  whether  or  not  the  results  found  with  the 
very  artificial  preparation  which  these  workers  used  would  correspond 
to  those  obtained  in  the  intact  animal,  in  which  the  various  tissues  are 
concerned  with  the  maintenance  of  the  normal  acid-base  equihbrium 
of  the  body  fluids.  Also  the  criticism  might  be  made  that  the  Ch  of 
the  perfusate  should  be  determined  after  the  perfusion  as  well  as  before 
it.  In  spite  of  these  objections  the  observations  of  Hooker  are  sugges- 
tive and  correspond  in  a  general  way  with  the  results  reported  in  this 
paper. 

At  the  present  time  there  are  many  facts  indicating  that  one  of  the 
important  functions  of  respiration  is  to  maintain  at  a  constant  level 

/  H,CO,  \ 
the  ratio  I  "Vrprt    )  and  hence  the  Ch  of  the  blood.    Any  change  to  the 

acid  aide  stimulates  respiration.  The  tension  of  COi  during  its  excre- 
tion is  varied,  which  serves  as  a  very  deUcate  mechanism  to  regulate 
the  reaction  of  the  blood.  So  far  as  this  function  of  the  respiratory 
center  is  concerned  there  is  no'  doubt.  But  may  the  center  not  be 
affected  by  certain  changes  in  the  chemical  composition  of  the  blood 
even  though  there  is  no  consequent  elevation  in  the  C„,  such  for  example 
as  an  increased  COi  tension  in  the  presence  of  a  true  alkalosis? 

It  is  generally  beUeved  that  an  accumulation  of  free  COi  in  the 
blood  is  deleterious  to  the  organism  only  in  so  far  as  it  elevates  the 
Cb,  but  the  observations  here  reported  show  that  the  respiratory  center 
resists  any  abnormal  elevation  of  COi  tension  even  though  the  blood 
supplied  to  the  medulla  is  distinctly  more  alkahne  than  normal.  To 
prove  this  point  it  is  of  course  desirable  to  work  with  the  intact  animal 
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under  conditions  as  nearly  within  phyeiological  limita  as  possible.  On 
the  other  hand,  the  blood  must  be  rendered  sufficiently  alkaline  so  that 
when  the  COt  tension  is  raised  the  resulting  change  in  Cg  will  still  fall 
on  the  alkaline  side  of  normality. 

It  has  long  been  taught  that  the  injection  of  alkali  into  an  animal 
produces  apnea.  However  this  depends  not  only  on  the  strength  of 
the  alkali  but  chiefly  on  its  rate  of  injection.  The  arterial  blood  of  an 
animal  may  be  made  as  alkaline  as  P^  7.8,  yet  the  respiration  continues 
in  a  perfectly  normal  fashion.  In  fact  the  tidal  air  per  minute  may 
be  the  same  within  a  few  cubic  centimeters  whether  the  Ph  of  the 
blood  is  7.4  or  7.8.  In  such  a  preparation  the  COi  tension  may 
be  elevated  while  the  Cb  is  appreciably  more  alkaline  than  normal. 
The  resulting  efTect  on  the  respiration  cannot  be  attributed  to  any 
abnormal  elevation  in  the  blood  Cg  acting  as  a  stimulus  to  the  respira- 
tory center. 

Methods.  Decerebrate  cats  were  used  in  all  the  experiments  reported 
in  this  paper.  In  order  to  obtain  a  normal  response  of  the  respiratory 
mechanism  to  a  given  stimulus,  it  is  essential  to  avoid  the  depressing 
effects  that  all  general  anesthetics  have  on  the  center.  This  point  was 
emphasized  by  the  writer  in  a  previous  communication  (7).  As  we 
have  repeatedly  observed,  a  given  stimulus  may  evoke  a  definite  re- 
quratory  response  in  the  unanesthetieed  animid,  whereas  the  same 
stimulus  in  an  anesthetized  animal  produces  little  or  no  effect. 

After  decerebration,!  an  interval  of  about  forty-five  minutes  was 
allowed  for  the  elimination  of  the  ether  used  before  the  operation. 
All  ftnimftla  that  did  not  lie  perfectly  quiet  or  which  had  any  uregularity 
in  respiration  were  discarded.  Blood  samples  were  taken  directly 
fn»n  either  the  femoral  or  the  carotid  artery  with  care  exercised  to 
avoid  the  loss  of  COt.  The  F^  determinations  were  done  with  the 
dialysis  indicator  method,  using  phenolsulphonephthalein  as  indicator. 
This  method  has  recently  been  checked  against  the  gas-chain  by  Clark 
and  Lube  (8),  who  found  that  it  gave  results  in  close  agreement  with 
electrometric  determinations.  The  results  for  the  total  COt  content 
of  the  blood  were  obtained  with  a  modified  Barcroft-Haldane  apparatus, 
which  was  determined  to  be  accurate  within  1.5  per  cent.  The  air 
analyses  were  made  with  the  well  known  Haldane  apparatus. 

Technique  of  eTperimenU.  After  decerebration  and  while  the  animal 
was  respiring  room  air,  samples  of  blood  were  taken  for  the  Ph  and  total 

*  Details  of  the  method  of  decerebration  used  hftve  already  been  dcBcribed  (7) . 
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COi  detenniiiationB.  The  animal  was  now  made  to  breathe  in  a 
closed  system  through  valves  separating  the  inspired  from  the  expired 
air.  In  the  system  was  a  graduated  Gad  spirometer  equipped  with  a 
writing  style  to  record  on  a  kymograph.  Together  with  a  chrono- 
graph tracing  there  was  thus  obtained  the  exact  amount  of  tid&I  air 
per  minute  corresponding  to  increasing  percentiles  of  COi.  Samplefl 
of  the  air  from  the  bottle  out  of  which  the  animal  inspired  were  taken 
at  frequent  intervals  and  analyzed  for  COi.  Oxygen  was  run  into  the 
system  at  such  a  rate  a^  to  maintain  its  concentration  at  approximately 
20  per  cent.  When  the  COi  in  the  inspired  air  had  risen  to  about  5 
per  cent,  samples  of  blood  were  taken  and  the  P^  and  total  carbooate 
content  determined.  These  results  together  with  the  respiratory 
records  were  used  for  comparison  with  similar  data  obtained  from  the 
same  animal  after  the  injection  of  alkali. 

After  securii^  what  was  considered  under  the  experimental  condi- 
tions to  be  the  normal  reaction  to  COi,  the  animal  was  allowed  to 
breathe  room  air  again  for  about  forty-Sve  minutes.  Alkali  (0.35 
grams  NaiCOi  per  kilogram)  was  then  injected  into  the  femoral  vein 
at  the  rate  of  0.25  cc.  of  a  5  per  cent  solution  per  minute.  By  experi- 
ence it  has  been  found  that  this  quantity  of  NaiCOi  when  injected  at 
the  rate  indicated  does  not  disturb  the  respiration  and  will  invariably 
change  the  Pg  from  a  normal  7.4  to  7.7  or  7.8. 

At  the  end  of  the  injection  P^  and  total  COi  determinations  were 
made  on  the  blood.  A  rebreathing  experiment  was  now  done  and 
when  the  inspired  CO*  had  reached  about  5  per  cent,  blood  samples 
were  again  taken.  It  is  apparent  that  the  experimental  procedure 
differed  in  no  way  from  that  described  above,  the  object  here  being 
to  ascertain  the  effect  of  alkalosis  on  the  reaction  to  COi.  Typical 
records  of  the  respiratory  response  to  COi  are  shown  in  figure  1.  These 
tracings  were  obtained  from  the  same  animal,  the  upper  row  before 
alkali  and  the  lower  row  after  alkali. 

In  another  series  of  observations  a  eli^tly  different  technique  was 
followed.  Here  instead  of  accumulating  COj  by  rebreathing,  the 
alkalinized  animal  was  made  to  breathe  a  COr-rich  air  6  to  7  per  cent 
at  once.  After  about  one  and  one^alf  minutes,  and  while  still  inspiring 
this  mixture,  blood  was  taken  for  the  Pg.  This  type  of  experiment 
shows  in  a  more  striking  way  the  stimulating  effect  of  COi  on  respira- 
tion (see  fig.  2). 

Results.  All  results  are  expressed  in  tabular  form.  In  table  1  are 
given  the  data  obtained  in  the  first  group  of  experiments,  comparing 
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TABLE  1 

Th«  reaction  to  COi  in  ihe  normal  and  alkedtnxted  animal 
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the  reaction  to  CO*  before  and  after  alkali.  The  respiratory  rate  and 
and  tidal  air  per  minute  correeponding  to  various  percentagee  of  in- 
spired COi  were  taken  from  tracings  similar  to  the  ones  shown  in 
figureB  1  and  2.  In  table  2  ore  given  the  values  for  .the  free  and  com- 
bined COi  in  the  blood  in  the  normal  and  alkalinized  animal,  first 
while  breathing  room  air  and  again  while  inspiring  5  per  cent  COi. 
Although  not  representing  abaolute  values,*  these  data  are  valuable 
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in  showing  the  relative  changes  which  occur  in  the  m  t»Pn.  ^^^^'^  ^^  ^® 
blood  under  the  experimental  conditions.  The  results  of  the  second 
series  of  more  acute  experiments  are  given  in  table  3.  Here  the  respira- 
tory data  were  obtained  from  tracings  similar  to  the  ones  shown  in 
figure  2. 

H,CO»         xCh 
■  These  reaultfl  were  calculated  from  the  equation  jv~Qppr  ^  'v''  in  which 

the  known  values  of  the  constante  were  thooe  given  by  Michaelis  and  Rona 
(1912),  K  -  4.4  X  10-',  X  for  blood  oonditions  -  0,605. 
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Diaeusaion  of  resuUe.  The  data  obtained  before  the  injection  of  Nat* 
COj  are  similar  to  those  previouety  reported  (7)  and  are  presented 
here  for  comparison  to  show  in  what  way  a  condition  of  alkalosis 
affects  the  reaction  to  COj.  It  is  noted  that  when  a  5  per  cent  CO* 
air  is  inspired,  the  amount  of  COi  given  off  by  the  blood  is  markedly 
elevated  above  normal*  while  the  Ch  is  detectably  raised  above  the 
value  found  when  room  air  was  being  respired.  Under  these  experi- 
mental conditions  with  a  partial  pressure  of  COi  not  above  50  mm., 
it  ia  probable  that  the  increased  amount  of  CO)  found  in  the  blood  was 
for  the  most  part  bound  as  NaHCOg,  whereas  a  relatively  smalj  amount 
was  carried  by  the  hemoglobin  and  other  blood  proteins.     Buckmaster 

TABLE  3 
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(9),  for  example,  has  found  that  hemoglobin  is  capable  of  combining 
with  more  COi  than  the  other  proteins  found  in  blood.  His  figures 
show  that  at  pressures  between  760  and  70  mm.,  hem(%Iobin  can  bind 
considerable  quantities  of  CO*.  But  there  is  no  conclusive  evidence 
to  indic&te  that  this  is  true  at  the  pressure  of  COi  which  may  obtain 
during  life. 

'  Recently  Hendsraon  and  Haggard  (Joum.  Biol.  Chem.,  1017,  zxriii,  343) 
hare  confirmed  our  earlier  obaervationa  by  ehoiring  that  the  total  CO,  oont«Qt 
of  the  blood  is  raised  in  a  condition  of  CO,  acidosis,  brought  about  either  by 
breathing  a  COi-rich  air  or  by  depressing  thci  respiratory  mechanism  with  th« 
administration  of  morphine. 
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A  very  significant  fact  is  noted  in  the  behavior  of  the  alkolinized 
animal  while  breathing  room  air.  Neither  the  respiratory  rate  nor  the 
tidal  air  per  minute  is  affected  to  any  appreciable  extent  by  the  car- 
bonate injection,  although  the  P,  of  the  blood  has  been  changed  on  the 
average  from  7.4  to  7.8.  This  fact  indicates  that  a  given  change  in 
Pfl  on  the  alkaline  side  is  attended  with  fewer  apparent  disturbances 
than  a  similar  change  to  the  acid  side  of  normality.  However,  the 
ability  of  the  organism  to  tolerate  a  given  elevation  in  Ch  probably  depends 
on  ths  acid  reapoastble  for  the  elevation.  Certain  observations  that  we 
have  made  on  CO*  acidoeis  have  indicated  that  the  physiological  limits 
of  Ci  toward  the  acid  side  are  greater  for  HiCOi  than  for  other  acids. 
For  example,  the  P^  of  the  arterial  blood  in  a  decerebrate  cat  may  be 
changed  from  a  normal  7-4  to  7.1  by  breathing  air  rich  in  COi.  After 
breathing  room  air  for  twenty  minutes  the  blood  P^  and  respirations 
have  returned  to  normal.  This  acute  experiment  may  be  done  as  often 
as  three  times  in  twO  hours  without  any  apparent  ill  effects.  On  the 
other  hand,  it  has  been  found  extremely  difficult  to  reduce  the  Pb  to 
7.1  by  the  slow  injection  of  acids  such  as  N/20  HCl  or  N/20  acetic.  In 
the  majority  of  cases  the  animals  have  developed  convulsive  move- 
ments and  died  before  that  level  was  reached. 

One  important  factor  concerned  in  the  explanation  of  these  results 
is  the  behavior  of  the  body'  bicarbonate  in  the  two  cases.  We  have 
shown  that  the  bicarbonate  content  of  the  blood  is  much  increased  in  a 
condition  of  COi  acidosis.  For  example,  the  total  COi  in  the  arterial 
blood  was  found  to  increase  from  a  normal  38.4  vols,  to  77.2  in  a  de- 
cerebrate cat  whose  blood  P^  was  lowered  from  7.4  to  7.1  by  breathing 
air  rich  in  CO*  (7).  On  the  other  hand  Van  Slyke  (10)  found  that 
after  the  injection  of  75  cc.  N/1  (NHjSO*)  into  a  dog,  the  P.  of  the  arterial 
blood  had  changed  from  a  normal  7.33  to  7.17,  while  the  total  COi 
was  diminished  from  3S7  to  10.1,  a  reduction  of  over  200  per  cent. 
These  facts  have  much  significance.  They  show  that  in  the  two 
general  types  of  acidosis,  there  is  a  wide  variation  in  the  amount  of 
available  alkaU  in  the  blood.  In  CO]  acidosis  the  increased  quantity 
of  NaHCOi  present  in  the  blood  serves  as  available  alkali  to  neutraliie 
any  further  acidity.  In  the  case  of  other  acids  the  situation  is  dif- 
ferent. Here  the  alkali  is  consumed  and  instead  of  actually  increasing 
in  Amount  it  undergoes  a  progressive  diminution  in  proportion  to  the 
amount  of  acid  present.  In  so  far  then  as  the  available  alkali  of  the 
blood  is  used  up,  the  ability  to  withstand  any  further  acidity  must  be 
diminished.     Doubtless  similar  circumstances  prevail  in  the  tissues, 
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where  it  becomes  increasingly  difficult  to  maintain  the  environment 
within  physiological  limits  of  Ph  as  the  bicarbonate  pontent  of  the  body 
fluids  becomes  depleted.  These  considerations  alone,  apart  from  the 
easy  elimination  of  COt  by  the  lungs,  indicate  that  the  organism  is 
better  equipped  to  resist  an  increase  in  Cb  due  to  HiCO*  than  it  is  one 
caused  by  other  acids. 

A    CONnmON    OF    TRfE    ALKALOSIS    NOT    ACCOMPANIED    BY    APNEA 

The  absence  of  any  respiratory  disturbance  accompanying  a  condi- 
tion of  true  alkalosis  indicates  that  there  is  not.  the  close  parallelism 
existing  between  the  activity  of  the  respiratory  center  and  the  €„  of 
the  blood  that  has  generally  been  supposed.  Otherwise  the  degree  of 
alkalinity  present  should  give  rise  to  apnea.  Since  the  respiration  con- 
tinues in  a  normal  way,  it  must  be  concluded  that  other  factors  besides 
the  Ca  may  be  concerned  in  the  chemical  regulation  of  breathing,  and 
in  this  connection  the  free  CO*  of  the  blood  deserves  consideration. 

Reference  to  table  2  shows  that  a  definite  increase  in  the  blood 
alkalinity  with  only  a  slight  change  in  the  free  COj  may  be  produced 
by  the  slow  injection  of  NajCOj.  Under  these  circumstances  the  ani- 
mal breathes  normally.  On  the  other  hand,  as  is  well  known,  apnea 
results  when  any  appreciable  alkalosis  is  caused  by  the  methods  ordi- 
narily used,  i.e.,  the  rapid  injection  of  alkali  or  superventilation  of  the 
■  lungs.  Both  procedures  cause  a  sudden  lowering  in  the  CO?  tension  of 
the  blood.  It  is  therefore  apparent  that  two  types  of  alkalosis  may  be 
distinguished:  a,  having  a  normal  COs  tension  with  no  disturbance  in 
breathing,  as  illustrated  by  the  experiments  here  reported;  6,  having  a 
lowered  COj  tension  accompanied  by  apnea. 

The  significance  of  a  lowered  COt  tension  as  the  cause  of  apnea  has 
been  recognized  for  many  years.  Bieletzky  (11)  in  1882  showed  that 
apnea  was  produced  in  birds  by  over-ventilation  of  the  lungs.  Later 
Fredericq  (12),  using  his  crossed  cephalic  circulation  method,  and 
Hougardy  (13),  by  the  injection  of  alkali,  concluded  that  apnea  was 
due  to  a  diminution  in  the  COa  tension  of  the  arterial  blood.  A  similar 
conclusion  was  reached  by  Campbell,  Douglas,  Haldane  and  Hobson 
(14)  as  a  result  of  their  experiments  on  man.  They,  however,  inter- 
preted their  findings  to  accord  with  the  hypothesis  of  Winterstein  and 
Hasselbalch,  attributing  a  preponderating  influence  to  the  Ch  as  the 
respiratory  hormone.  By  so  doing  they  assume  that  COi  affects  the 
respiratory  center  only  by  virtue  of  its  acid  nature  when  in  solution. 
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Accordingly  a  condition  of  alkalosis  should  be  accompanied  by  apnea, 
which  should  peraet  until  the  metabolic  COt  accumulated  to  such  a 
d^ree  as  to  raise  the  Ca  to  the  threshold-exciting  value  for  the  respi- 
ratory center.  The  evidence  here  presented  shows  that  this  is  not  the 
case.  Respiration  continues  regularly  in  the  presence  of  a  demon- 
strable alkalosis,  provided  the  CO*  tension  in  the  blood  is  maintained 
about  normal.  On  the  other  hand,  we  have  found  that  apnea  is  very 
readily  produced  in  the  alkalinized  animal  by  lowering  the  CO]  tension 
with  artificial  ventilation.  It  is  therefore  clear  that  the  apneie  pause 
is  not  caused  by  a  diminution  in  the  blood  C^,  as  would  be  the  case  if 
the  chemical  regulation  of  breathing  depended  solely  on  blood  reaction. 
Our  results  indicate  a  close  association  between  apnea  and  CO]  tension, 
thus  corroborating  the  observations  of  earlier  invest^tors.  A  certain 
significance  is  hereby  given  to  CO),  which  will  obviously  be  neglected 
BO  long  as  its  effect  on  the  respiratory  center  is  considered  to  be  an 
indirect  one  through  the  blood  reaction. 

It  has  been  noted  that  the  very  slow  injection  of  NaiCOi  has  no 
effect  on  the  respiration.  A  similar  observation  was  made  by  Hou- 
gardy  (13)  but  there  was  no  method  available  at  that  time  to  determine 
the  Cb  of  the  blood.  Reference  to  table  2  shows  that  the  injection  of 
0.35  grams  Na«COi  per  kilogram  produces  on  the  average  a  change 
in  Ph  from  a  normal  7.4  to  7.7  or  7.8,  whereas  the  free  COi  in  the  blood 
undergoes  only  a  slight  diminution.  In  view  of  the  fact  that  NaiCOa 
is  capable  of  fixing  COi  to  form  NaHCOi,  the  question  natiu^y  arises 
concerning  the  mechanism  by  which  the  organism  is  able  to  maintain 
an  approximately  normal  COi  tension  in  the  arterial  blood.  Doubtless 
an  important  factor  in  this  connection  is  the  retention  of  a.  considerable 
quantity  of  metabolic  COi.  It  is  apparent  that  such  a  mechanism 
would  afford  the  most  available  means  of  combating  an  impending 
alkalosis.  In  experiment  32,  table  2,  the  normal  total  COi  was  38  vol. 
per  cent;  after  the  alkali  injection  it  was  76  vol.  per  cent.  Only  about 
one-third  of  this  increase  foimd  can  be  derived  from  the  COi  contfuned 
in  the  quantity  of  NaiCO*  injected.  For  example  0.35  gram  NajCOi 
contains  0.145  gram  COi.  Estimating  the  body  fluids  at  700  cc.  per 
kilogram  body  weight,  the  total  COi  found  after  the  carbonate  injec- 
tion is  equivalent  to  0.476  gram  COi  at  20''^760  mm.  This  value  is 
based  on  the  assumption  that  the  slow  rate  of  injection  permitted  a 
uniform  distribution  to  the  body  fluids.  Although  we  have  no  data  on 
the  total  respiratory  exchange,  in  all  probability  the  disparity  found  is 
due  to  a  retention  of  COi  that  might  otherwise  be  eliminated  by  the 
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lungs.  When  an  alkali  capable  of  combumig  with  CO]  is  rapidly  in- 
jected, the  most  ready  means  of  neutralization  is  by  the  free  COi  in 
the  blood.  This  naturally  undergoes  a  sudden  diminution,  which  no 
doubt  explains  the  apneic  pause  under  these  circumstances.  On  the 
other  hand,  the  slow  injection  of  alkali  allows  sufficient  time  for  the 
retention  of  metabolic  Cd  bo  that  the  free  COg  of  the  blood  sufiFers  do 
marked  diminution  and  consequently  the  breathing  is  unaffected. 

THE  EFFECT  OF  ALKALOSIS  ON  THE  BEACTION  TO  COj 

Reference  to  table  I  and  figure  1  shows  that  the  general  character  of 
the  respiratory  response  to  COi  is  the  same  after  the  injection  of  alkali 
as  before.  A  slight  difference,  however,  is  noted  in  the  quantity  of 
tidal  air  which  corresponds  to  a  given  percentage  of  inspired  CO*. 
This  disparity  is  shown  graphically  in  figure  3.  Here  the  curves^ 
were  plotted  from  the  data  in  table  I,  and  therefore  represent  the  mean' 
in  five  n.riimft.la  before  and  after  receiving  alkali.  It  is  noted  that  similM* 
percentages  of  CO*  elicit  a  slightly  more  vigorous  reaction  on  the  part 
of  the  respiratory  center  before  alkalosis  is  established.  Furthermore, 
this  disparity  becomes  more  con^icuous  with  increasing  quantities  of 
CO]  in  the  inspired  air.  The  following  facts  merit  consideration  in 
explaining  these  phenomena:  a,  the  levels  at  which  the  Cb  changes; 
and  b,  the  difference  in  the  buffer  value  of  the  blood  in  normal  and 
alkalinized  animals.  Reference  to  table  3  indicates  that  when  the 
normal  animal  is  made  to  breathe  increasing  percentages  of  CO]  up  to 
5  per  cent,  both  the  CO]  tension  and  the  Ch  of  the  blood  are  elevated. 
In  this  case  the  respiratory  center  may  be  influenced  by  two  factors, 
COt  and  C^.  After  alkalosis  is  established  only  the  CO*  tension  is 
raised  by  breathing  5  per  cent  CO*,  while  the  €„  always  remains  on 
the  alkaline  side  of  the  normal.  It  is  not  surprising  under  these  con- 
ditions that  CO]  might  elicit  a  less  vigorous  respiratory  response.  .  In 
other  words,  the  threshold  value  of  CO)  may  be  raised  in  a  condition  of 
alkalosis  and  lowered  in  the  presence  of  an  elevation  in  the  C^  of  the 
blood. 

It  is  observed  that  the  total  CO]  content  of  the  arterial  blood  is  raised 
by  approximately  100  per  cent  after  the  injection  of  the  quantity  of 
NajCOi  used.  Consequently  the  buffer  value  must  be  greatly  in- 
creased. The  addition  of  a  given  quantity  of  Cd  to  such  a  blood  will 
cause  less  elevation  in  the  H|COi  content  than  would  be  the  case  with 

*  The  data  from  aiDgto  experimenta  give  curves  of  the  eame  general  contour. 
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nonnal  blood.  This  is  shown  by  the  d&ta  in  table  2.  While  the  alka- 
linised  animal  is  breathing  room  air,  the  free  CO*  is  a  Uttle  under  the 
value  found  before  the  alkali  injection.  A  similar  disparity  is  noted 
when  air  containing  5  per  cent  C0»  is  inspired.  From  these  considera- 
tions it  may  be  concluded  that  both  the  increased  buffer  value  and 


Fig.  3.  Composite  curves  from  the  data  obtained  in  five  animals  (see  table  1) 
ehowing  the  respiratory  reaction  to  increaeing  percentages  of  COi  in  the  inspired 
air.  A,  the  normal  reaction  before  alkali  injection.  B,  after  the  intravenoua 
injection  of  NaiCO,  (0.35  gram  per  kg.), 

the  diminution  in  Ch  of  the  blood  are  concerned  in  the  explanation  of 
the  fact  that  increasing  percentages  of  COi  in  the  inspired  air  cause  a 
somewhat  less  vigorous  respiratory  response  in  the  aUcalinized  than  in 
the  normal  animal.  Otherwise  the  similarity  of  the  response  is  very 
striking  in  the  two  cases  (see  fig.  3). 
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Table  3  ehows  the  results  obtained  in  the  series  of  acute  experiments 
in  which  t}.e  alkalinised  animal  was  made  to  breathe  a  COt-rich  air 
instead  of  accumulating  the.COi  by  rebreathing.  The  respiratory  data 
were  obtained  from  tracings  similar  to  the  one  shown  in  figure  2.  When 
the  inspired  COj  was  suddenly  changed  from  0.04  per  cent  (room  air) 
to  6  or  7  per  cent,  there  was  a  marked  stimulation  of  the  respiratory 
center,  evidenced  by  an  increase  in  the  rate  as  well  as  the  depth  of 
breathing.  Under  these  circumstances  the  tidal  air  per  minute  was 
elevated  in  the  different  animals,  ranging  from  327  to  465  per  cent. 
It  IB  noted  that  this  marked  augmentation  in  respiration  occurred  in 
the  presence  of  a  blood  Pa  that  was  demonstrably  on  the  alkaline 
side  of  the  normal  found  before  alkalosis  was  established.  Such  results 
afford  a  striking  illustration  of  the  stimulating  effect  of  COi  on  respira- 
tion, which  obviously  cannot  be  attributed  to  any  abnormal  elevation 
in  the  Ca  of  the  blood. 

The  current  hypothesis  recognizing  the  Ch  as  the  sole  factor  con- 
cerned in  the  chemical  regulation  of  breathing  has  come  to  be  so  uni- 
versally accepted  that  little  attention  is  paid  to  the  effect  of  undisso- 
ciated  COi  on  respiration.  It  is  taught  that  COi  can  influence  the 
respiratory  center  only  by  virtue  of  its  acid  properties  when  in  solution. 
Consequently  an  abnormal  elevation  in  COj  tension  in  the  blood  is 
thought  to  stimulate  respiration  only  in  so  far  as  the  Ch  is  thereby 
raised.     To  quote  from  a  recent  contribution  of  Haldanc  (15), 

....  there  aeems  now  to  be  no  doubt  that  it  is  true  that  what  the  respira- 
tory center  reflponds  to  is  hydrogen  ion  concentration  and  not  mere  COi  pressure. 

In  the  light  of  present  facts  there  is  no  doubt  that  the  Ca  is  one  im- 
portant factor  influencing  breathing.  For  example,  it  is  well  estab- 
lished that  under  normal  conditions  puhnonary  ventilation  is  so  regu- 
lated as  to  keep  the  C„  appreciably  constant  while  any  change  to  the 
acid  side  is  accompanied  by  a  marked  increase  in  respiration.  It  has 
therefore  been  concluded  that  a  close  parallelism  existed  between 
puhnonary  ventilation  and  the  blood  Cg.  However,  when  we  com- 
pare the  activity  of  the  respiratory  center  at  slightly  alkaline  levels 
of  Cb  we  find  that  no  such  definite  relationship  exists.  Here  instead 
of  apnea  resulting,  as  might  be  expected,  the  breathing  continues 
regularly  and  is  apparently  directed  toward  maintaining  the  COi  at  a 
normal  level.  Any  elevation  in  this  level  causes  a  marked  stimulation 
of  respiration. 
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In  view  of  these  facts  it  seems  probable  that  the  so-called  respiratory 
hormoDe  is  not  a  single  entity  in  the  form  of  the  hydrogen  ion  bs  postu- 
lated by  the  theory  of  Winterstein  and  Hasselbalch.  To  assume  that 
the  respiratory  center  is  oblivious  to  changes  in  the  chemical  equilibria 
in  the  blood  except  in  so  far  as  such  changes  may  alter  the  CH,  is  placing 
a  limitation  on  its  function  which  is  hardly  commensurate  with  the 
importance  of  respiration  in  the  living  animal.  Apparently  the  center 
is  very  sensitive  to  undissociated  CO3,  and  certainly  in  the  alkalinized 
animal  our  results  indicate  that  CO2  may  act  as  a  specific  respiratory 
hormone.  This  gives  an  added  importance  to  the  physiological  signifi- 
cance of  COi  and  at  the  same  time  illustrates  a  function  of  the  respira- 
tory center  which  will  not  be  appreciated  if  we  restrict  its  activity  solely 
to  the  influence  of  the  €&• 


The  reaction  to  COi  has  been  compared  in  the  normal  and  alkalinized 
animal,  using  the  quantitative  response  of  respiration,  together  with 
the  Pb  and  total  carbonate  content  of  the.  arterial  blood  in  the  two 
cases.  By  the  slow  injection  of  NaiCOi  (0.35  gram  per  kilogram), 
a  demonstrable  alkalosis  is  produced,  yet  the  breathing  continues 
normal  indicating  that  a  change  in  the  Ch  to  the  alkaline  side  is  better 
tolerated  than  a  similar  change  toward  acidity.  Examination  of  the 
arterial  blood  shovra  that  by  the  alkali  injection  the  P^  has  been 
altered  from  the  normal  7.4  to  7.8,  while  the  total  COt  content  is  ele- 
vated by  approximately  100  per  cent.  Evidence  is  presented  to  show 
that  the  regular  type  of  breathing  seen  in  the  alkalinized  animal  is 
intimately  associated  with  the  maintenance  of  the  free  CO*  in  the  blood 
at  a  normal  level,  while  any  appreciable  elevation  in  this  level  causes  a 
marked  stimulation  of  re8pu*ation  in  spite  of  the  fact  that  the  Ch  of 
the  blood  is  sensibly  on  the  alkaline  side  of  normality.  Such  observa- 
tions have  led  to  the  following  conclusions: 

1.  There  is  not  the  close  parallelism  between  respiration  and  the 
Cb  of  the  arterial  blood  supposed  by  the  theory  of  Winterstein  and 
Hasselbalch. 

2.  At  slightly  alkaline  levels  of  Cr,  pulmonary  ventUation  is  so 
regulated  as  to  maintain  the  COi  tension  in  the  blood  normal. 

3.  A  condition  of  true  alkalosis  is  accompanied  by  apnea  only  wlieo 
the  method  used  to  lower  the  Cb  causes  at  the  same  time  a  sudden 
fall  in  the  COt  tension;  as,  for  example,  the  rapid  injection  of  an  alkali 
capable  of  binding  COt,  or  by  superventilation  of  the  lungs. 
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4.  Undiasociated  CO]  acts  as  a  epecific  respiratory  hormone;  there- 
fore the  phyBiological  effects  of  COi  on  reapiration  can  not  be  attributed 
solely  to  its  acid  properties  when  in  solution. 
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Catalase  is  the  ferment  which  liberates  oxygen  from  hydrogen 
peroxid.  As  we  have  shown  in  previous  papers,  it  seems  to  have 
BomethinR  to  do  with  the  oxidative  processes.  Our  work  on  the  muscle 
of  the  small  intestine  suggested  strongly  that  the  catalase  content  of  a 
tissue  can  be  used  as  an  index  of  its  metabolic  activity  (1).  We  found 
that  the  gradient  of  catalase  content  from  duodenum  to  ileum  closely 
paralleled  the  gradients  of  rhythmicity,  irritability,  latent  period  and 
COi  production. 

Alvarez  has  shown  that  the  peristaltic  waves  in  the  stomach  prob- 
ablj'  follow  gradients  of  irritability,  rhythmicity  and  latent  period 
from  cardia  to  pylorus  (2).  We  wish  to  show  in  this  paper  that  the 
catalase  content  of  the  muscle  is  also  graded  from  cardia  to  pylorus. 


This  has  been  described  carefully  in  a  previous  paper  (1).  The 
animals  were  killed  either  by  a  blow  on  the  head  or  by  chloroform  and 
bleeding.  By  using  a  shaking  machine  five  testa  on  muscle  from  the 
same  stomach  were  run  at  the  same  time  under  identical  conditions. 
In  the  following  tables  the  figures  represent  cubic  centimeters  of 
oxygen  at  atmospheric  pressure,  liberated  from  15  cc.  of  hydrogen 
peroxid  by  the  catalase  in  0.3  gram  of  minced  muscle.  The  muscle 
was  peeled  off  of  the  mucous  membrane.  No  difficulty  was  met  with 
in  doing  this  except  along  the  lesser  curvature  of  the  rabbit's  stomach. 
There  the  mucosa  had  to  be  scraped  off.  In  some  of  the  earlier  experi- 
ments the  hydrogen  peroxid  was  not  neutralized. 

.     60 
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\.  Near  cardia. . 


4.  Near  pylorus . . 


36.240.435.3 
39.230.4 
35.425.8 


417.4 
416.8 
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1.  Near  eardia.. 


.  18.716.218.415. 


626.028.5 
20.9  28.7  21 
26.22) 
14.0  22.5  2! 


5  25.4 


Qreater  Curvature 

Note  :  For  purpoBes  of  oomparison  a  teat  was  made  also  of  the  catalaae  in  the 

muacle  fran  the  firrt  part  of  the  duodenum. ^^^ 


Cat 

1.  Near  cardia.. 

2 

3 

4.  Near  pylorus 

5.  Duodenum... 

Dog 

1.  Near  cardia. 

2. 

3 

4.  Near  pylorus 

5.  Duodenum... 

RalAit 

I.  Near  cardia,. 

2 

3 

4.  Near  pylorus 

6.  Duodenum... 


57.7  56.4  4I).*4ft.6|42, 

i.048.254.8|38.»35. 
40.843.739.131.5^41. 


41.048.3  32.4  48.6 


18.ai4.915.qi8.5 


417.0  21 
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616.211 


16.  S 
15.6 
18.212.4 


18.9 

22.4 


17.2 
16.3 
16.7 
14.4 


3.318.621.918.215.0     20.9 
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DISCUSSION 

A  glance  at  figure  1  shows  the  definite  gradation  in  the  catalaee  con- 
tent from  cardia  to  pyiorlis.  This  is  most  marked  along  the  lesser 
curvature  in  the  cat  and  rabbit.  The  irr^ularity  of  the  curves  in  the 
dog  may  be  due  partly  to  the  difficulties  encountered  in  getting  per- 
fectly healthy  dogs.  Animals  with  definite  distemper,  large  numbers 
of  intestinal  parasites  or  diarrhea  had  even  more  irr^ular  curves. 

The  poorer  gradation  along  the  greater  curvature  in  all  the  animals 
is  to  be  expected.  The  remnants  of  the  primitive  intestinal  tube  are 
along  the  lesser  curvature  while  a  considerable  proportion  of  the  greater 
curvature  develops  in  the  embryo  as  a  cecum  (3).  The  curves  from 
the  rabbit's  stomach  conform  very  closely  to  what  we  expected  from 
the  previous  studies  on  the  latent  period,  irritabiUty  and  rhythmicity 
of  the  muscle.  It  is  hard  to  say  why  in  the  cat  and  dog  the  figures 
should  be  higher  on  the  greater  curvature,  where  the  rates  of  contrac- 
tion were  slower.  Another  thing  which  is  hard  to  explain  is  the  great 
difference  between  the  amounts  of  catalase  on  the  two  curvatures  near 
the  pylorus  in  the  cat  and  dog.  To  be  sure,  some  differences  in  latent 
period  and  irritability  were  fomid  in  different  parts  of  the  antrum  but 
when  we  think  of  the  development  and  function  of  this  p^;  of  the 
stomach  there  would  seem  no  need  for  any  differentiation  in  the  muscle 
along  the  two  curvatures.  In  order  to  get  a  little  more  Ught  on  this 
subject,  estimations  were  made  on  equat  weights  of  muscle  from  the 
two  curvatures  and  from  the  anterior  and  posterior  surfaces  of  the 
antrum.  The  following  figures  from  the  cat  and  dog  show  a  striking 
difference  between  the  catalase  content  of  the  muscle  on  the  lesser  cur- 
vature and  that  in  the  rest  of  the  antrum. 


c. 

«.„ 

32.0 
W.2 
43.3 
47.2 

Another  interesting  point  is  that  the  pace-making  area  near  the 
cardia  had  a  much  higher  catalase  content  than  that  of  the  pyloric 
region  in  which  most  of  the  muscular  work  of  the  stomach  is  done. 
It  appears  from  this  that  the  amount  of  catalase  in  a  muscle  depends 
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not  SO  much  upon  the  amount  of  work  required  but  upon  the  speed 
with  which  it  is  to  be  done.  It  may  be  remembered  also  that  the 
cardia  with  its  weak,  shallow  but  rapid  contractions  can  dominate  the 
rhythm  of  the  antrum  with  its  powerful,  deep  but  slow  contractions. 


e«t                          Doe 

Pabblt 

Cud.               fy^-  D      Card. 

Pyl.  D 

*— Oreatar  Curraturs 

Fig.  1.  Ordinates  represeat  amaunts  of  catalaee.  The  three  sets  of  absciaaae 
represent  segments  of  the  stomach.  The  circle  and  dot  represent  the  catalase 
content  of  the  duodenal  muscle,  next  to  the  pylorus.  The  solid  line  represents 
data  from  segments  along  the  lesser  curvature;  the  broken,  from  the  greater 
curvature. 
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If  we  are  correct  in  assuming  that  the  catalaae  content  of  the  muacle 
is  an  index  of  its  metabolic  activity,  we  may  say  that  there  is  a  meta- 
bolic gradient  in  the  stomach  similar  to'  that  in  the  intestine.  This 
gradient  probably  underlies  and  accounts  for  the  gradients  of  rhyth- 
micity,  irritability  and  latent  period  which  we  believe  determine  the 
direction  of  peristalsis  in  the  stomach. 

,  The  muscle  in  the  duodenum  adjoining  the  stomach  is  very  different 
in  its  rhythmic  activities,  latent  period,  irritability  and  shape  of  con- 
traction curve  and  its  high  catalase  content  wa^  to  be  expected. 

The  latent  period  studies  on  the  intact  stomach  (2)  showed  that  the 
pyloric  ring  was  a  httle  more  irritable  than  the  rest  of  the  antrum. 
Gaskell  has  suggested  that  the  muscle  in  the  pyloric  and  ileo-cecal 
sphincters  has  a  different  phylogenetic  origin  from  that  in  the  rest  of 
the  digestive  tract  (4).  This  might  account  for  the  differences  in  reac- 
tion to  adrenalin  noted  by  some  observers  (5).  Keith  believes  also 
that  there  is  a  rhythmic  center  in  the  duodenum  about  the  papilla  of 
Vater  (6).  It  seemed  well,  therefore,  to  study  the  catalase  content  of 
a  number  of  adjacent  segments  in  this  region.  Following  are  some 
representative  protocols: 


c 

T 

«K. 

«. 

.« 

Antrum 

23.0 
20.3 

26.3 
25.6 
32.3 

23.8 
21.0 

27.8 
31.0 
35.2 

21.5 

19.2 
20.7 
18.3 
19.8 

20,3 

18.5 
18.6 

21,2 
19.3 

10,2 
H.7 

54.4 
42.8 

Duodenum  3 

49.3 
40.7 

Note:  Hie  figures  for  duodenum  in  tbe  rabbit  represent  mueoea,  and  muacle. 
Tiie  other  figures  are  for  muscle  alone. 

These  figures  do  not  show  much  difference  between  the  pyloric 
muscle  and  that  in  the  rest  of  the  antrum.  They  do  show,  as  was 
rather  to  be  expected,  that  there  is  an  upward  gradation  in  the  first 
few  centimeters  of  the  duodenum  before  the  downward  gradation  to 
the  ileum  begins.  Radiologists  know  that  the  so-called  duodenal  cap 
shows  httle  activity  in  man  and  tends  to  remain  filled  during  digestion. 
Alvarez  has  thown  also  in  rabbits  that  muscle  excised  from  this  region 
has  a  comparatively  poor  rhythmicity  (7).  It  appears,  then,  that  the 
upper  end  of  the  intestinal  gradient  is  not  at  the  pylorus  but  a  little 
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below,  perhafMi  about  the  papilla  of  Vater.  Although  Keith's  BUBpicion 
that  there  is  nodal  tissue  in  this  region  may  be  correct,  it  must  be  kept 
in  mind  clearly  that  one  s^iment  of  intestine  does  not  seem  to  influence 
the  rhythm  of  the  one  next  to  it;  the  bowel  does  not  pulsate  hke  a  heart 
and  the  word  "pacemaker"  must  be  used  with  caution.  It  is  a  little 
difiFerent  in  the  stomach  where  the  peristaltic  rates  of  the  different 
regions  are  all  gubordinated  to  that  of  the  cardia.  It  is  possible  that 
some  of  the  ripples  which  run  down  the  intestine  arise  In  the  duodenum 
but  records  obtained  so  far  si^gest  that  they  come  over  from  the 
stomach. 

We  hope  to  take  up,  in  a  subsequent  paper,  the  upsets  in  these 
gradients  found  in  sickly  animals.  In  all  the  work  on  gradients,  both 
in  the  stomach  and  in  the  small  intestine,  it  has  been  found  necessary 
to  make  careful  note  of  the  condition  of  the  animals  as  regards  friski- 
nese,  nutrition,  presence  of  snuffles,  distemper,  mange,  intestinal  para- 
sites, etc.  The  gradients  seem  to  be  upset  easiest  and  most  frequently 
in  the  dc^  and  least  frequently  in  the  rabbit.  The  inability  of  the 
rabbit  to  vomit  may  be  due  at  least  in  part  to  the  stability  of  its  gastric 
and  intestinal  gradients.  An  even,  steep  downward  gradient  is  prob- 
ably more  essential  to  the  welfare  of  an  herbivorous  animiU,  with  its 
rough  bulky  food,  than  to  a  carnivorous  animal  with  its  more  fluid  intes- 
tinal contents. 


The  catalase  content  of  the  gastric  muscle  is  graded  downwards 
from  the  cardia  to  the  pylorus.  This  gradient  is  more  marked  along 
the  lesser  curvature  than  on  the  greater.  It  corresponds  pretty  well 
with  the  gradients  of  latent  period,  initabihty  and  rhythmicity  pre- 
viously observed. 

The  amount  of  catalase  in  the  muscle  seems  to  depend  less  upon  the 
amount  of  work  required  than  upon  the  speed  with  which  it  is  to  be 
done. 

No  peculiarity  could  be  found  in  the  catalase  content  of  the  pyloric 
ring. 

Below  the  pylorus,  the  catalase  content  rises  rapidly  to  a  point  in 
the  middle  or  lower  duodenum  from  whence  the  gradient  ia  downward 
to  the  colon. 

It  is  believed  that  these  gradients  of  catalase  content  represent  gra- 
dients of  metabolism  underlying  and  giving  rise  to  the  gradients  of 
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rfaythmicity    and   latent   period   which  direct   the   downward  waves 
of  peristalsis. 

These  gradients  are  often  reveroed  in  sick  animals  which  are  vomit- 
ii^  or  refusing  food. 
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As  is  now  well  known,  catslase  is  the  fennent  which  liberates  oxygen 
from  hydrogen  peroxid.  It  seems  to  have  something  to  do  with  the 
oxidative  processes  and  a  good  many  writers  feel  that  the  catalase  con- 
tent of  a  tissue  can  be  taken  as  a  fair  index  of  its  metabolic  activity. 
We  have  shown  recently  that  the  catalase  content  of  the  intestinal 
muscle  is  graded  from  duodenum  to  colon,  i.e.,  a  given  wei^t  of  duo- 
denal muscle  has  more  catalase  than  the  same  we^t  of  ileal  or  colonic 
muscle  (1).  When  charted  on  coordinate  paper,  the  gradients  of  intes- 
tinal rhythmicity,  Cd  production  and  catalase  content  were  found  to 
parallel  one  another  very  closely.  There  was  a  definite  relation  be- 
tween the  catalase  content  of  any  one  bit  of  muscle  and  the  degree  of 
activity  ordinarily  displayed  by  the  segment  of  intestine  from  which  it 
was  taken. 

It  seemed  worth  while,  then,  to  see  if  we  could  demonstrate  a  similar 
relation  between  the  catalase  content  of  any  one  piece  of  mucous  mem- 
brane and  the  activity  (secretory  and  absorptive)  of  that  part  of  the 
digestive  tract.  As  we  will  point  out  later  in  the  discussion,  there  are 
marked  differences  in  the  amounts  of  work  done  by  the  mucous  mem- 
brane in  different  parts  of  the  stomach  and  bowel.  We  shall  show  also 
that  there  are  differences  in  the  Cd  production  of  equal  weights  of 
mucous  membrane  from  different  parts  of  the  small  intestine  and  colon. 


The  technic  has  been  described  fully  in  a,  previous  paper  (1).     The 

animals  were  killed  either  by  a  blow  on  the  head  or  by  chloroform 

and  then  bled.     In  dogs  and  cats  the  mucosa  was  peeled  off  from  the 

muscle;  in  rabbits  it  was  scraped  of!.     The  tissue  was  ground  in  a 
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Stomach— LMa»r  curvature 


1.  Near  cardia. . 


4.  Near  pylorus. . 


1.  Near  oardia . . 

2.  

3 

4.  Near  prlorus. 
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Stornach — Orealer  curvature,  upper  duodenum 


1.  Near  eardia.. 


4.  Near  pylorug. 

6.  Duodenum,  near  pylonu . . 


41.456.358.055.6 


4.  Near  pylorui 
6.  DuodeDum,  i 


4.  Near  pyloruf 

5.  Duodennm . 


2B.4 
44.1 


28.0 
23.6 
19.0 

39.5 
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Cat: 

1.  Duodenum, 

2.  Jejunum... 

3.  Middle.... 

4.  Ileum 

5.  Colon 

Dog: 
1.  Duodenum 
3.  Jejunum.. , 
3.  Middle... 

5.  Colon 


G84.0 
7  54.0  49.3 
I.3J44.343.S 
43.2 
37.0  35.0 


856.91    67.5 
24.0157.2     60.9 


46.9 
39.1 
84.7 


Cat: 


GO.O  37.428.339.6 


34.6  33.H24.9  34.6  21 


3  3G.5  22.6  27.4  30.7 


48.042,544.7 


34.8 
32.9 
Sfi.l 


Dog: 
1.  Upper. , 


23,336.236.6 


42.434.025.9 


22.326,821.2 


19.7  29.ffl32.7 


Cecum  and  Colon 


Rabbil. 
1,  Tip        

42.0 
51.6 
49.8 
39.2 
30. S 

45.4 
60.6 
54,6 
34,0 
32.1 

20.6 
27,3 
29.2 

27.0 
22.1 

32.4 
32.5 

26,8 
28.4 
23.6 

35  1 

3 

40.0 

4    Base 

mortar  and  washed  into  a  large  test  tube.  To  this  were  added  15  cc. 
of  a  3  per  cent  HiOi  which  had  previously  been  neutralized.  The 
oxygen  which  was  liberated  wae  measured  in  a  burette  at  atmospheric 
pressure.  By  using  a  shaking  machine  five  such  tests  on  tissue  from 
the  same  stomach  or  bowel  could  be  run  at  the  same  time  and  under 
identical  conditions.    In  the  proceeding  tables  the  figures  represent 
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cubic  centimeters  of  oxygen.  These  figures  have  not  been  reduced  to  a 
common  temperature  and  atmospheric  pressure  because  we  are  inter- 
ested only  in  the  gradations  observed  in  the  different  sets  of  five  read- 
ily.    In  all  this  work  0.2  gram  of  mucous  membrade  was  used. 

DISCOSSION 

A  glance  at  the  tables  and  at  figure  1  will  show  that  definite  differ- 
ences in  catalase  content  have  b^n  found:  differences  which  are 
graded  very  much  as  they  are  with  the  muscle.  Incidentally  it  should 
be  noted  that  per  unit  of  weight  the  mucous  membrane  contains  about 
twice  aa  much  catalase  as  does  the  muscle.  This  is  what  we  should 
expect  from  the  work  of  Brodie  and  Vogt  (2),  who  found  the  oxygen 
intake  and  COi  output  of  the  mucosa  much  higher  than  that  of  the 
intestine  as  a  whole. 

Let  us  turn  first  to  an  analysis  of  the  differences  found  in  the  stom- 
ach. It  should  be  remembered  that  the  stomach  phylogenetically 
and  embiyologically  is  developed  as  a  bulging  in  the  primitive  intes- 
tinal tube  (3).  Originally  the  dilated  lower  end  of  the  esophagus 
joined  the  pyloric  antrum  at  the  incisura  angularis.  The  pyloric 
antrum  is  the  least  modified  portion  of  the  primitive  tube.  The  rem- 
nant of  the  esophagus  along  the  lesser  curvature  forms  the  gastric  canal , 
a  furrow  which  serves  to  conduct  fluids  from  the  cardia  to  the  antrum. 
As  we  should  expect,  the  cells  and  glands  in  the  mucous  membrane  in 
the  pyloric  antrum,  around  the  cardia  and  along  the  lesser  curvature, 
are  least  differentiated  from  those  in  the  intestine  (4).  The  acid-form- 
ing cells,  peculiar  to  the  stomach,  are  found  in  the  body  and  fundus  of 
the  organ:  regions  which  have  developed  as  a  cecum  off  of  the  original 
tube  (5).  It  should  be  remembered  also  that  the  mucosa  of  the  pyloric 
antrum  probably  has  little  function.  The  antrum  serves  as  a  muscular 
gizzard  in  which  the  food  is  ground  up  and  mixed  with  juices  which 
trickle  down  from  above. 

On  turning  to  the  table  we  find  the  figures  a  httle  larger  on  the 
greater  curvature  than  on  the  les.ser.  That  is  what  we  should  expect 
as  the  functions  of  the  gastric  canal  probably  do  not  require  great 
metabolic  activity.  As  we  should  expect  also,  there  Is  very  little  cata- 
lase in  the  mucosa  of  the  pyloric  antrum.  It  is  hard  to  say,  however, 
why  there  should  be  so  much  in  the  cells  around  the  cardia.  One 
would  not  expect  much  digestive  activity  in  that  comparatively  quiet 
part  of  the  stomach.     It  is  interesting  that  the  amounts  of  catalase  in 
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the  stomach  are  considerably  lower  than  those  in  the  upper  small 
intestine.  This  is  what  we  should  expect,  as  the  small  bowel  is  the 
essential  organ  of  d  gestion.  The  stomach  serves  largely  as  a  hopper 
to  pass  the  food  downward  in  small  amounts  as  needed.  A  glance  at 
^Ure  1  wilt  show  that  the  catalaae  content  of  a  given  weight  of  the 
gastric  mucosa  is  even  less  than  that  of  the  same  weight  of  colonic 


Fig.  1.  Shows  the  gradation  in  cfttalaae  content  of  the  mucosa  in  dlSerent 
regions.  The  abacisaoe  represent  the  regions  and  the  ordinates  cubic  eenti- 
tneten  of  oxygen  liberated  in  fifteen  minutes  by  0.2  gram  of  tissue. 

mucosa.  It  should  be  noted,  however,  that  the  gastric  mucosa  is 
thick  and  that  in  the  colon  very  thin  so  that  the  metabolic  activity 
of  a  given  area  of  the  gastric  lining  is  probably  much  greater  than 
that  of  the  same  area  in  the  colon. 

On  turning  to  the  small  intestine  it  is  apparent  that  there  is  an 
abrupt  change  at  the  pylorus  from  a  mucous  membrane  poor  in  catalase 
to  one  rich  in  catalase.    When  the  data  were  averaged  we  found  that 
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the  ducMienal  figure  iu  the  "greater  curvature"  tables  was  greater  than 
that  in  the  "smaU  inteatine"  table.  This  seemed  to  be  due  to  the  fact 
that  in  the  first  experimente  we  had  used  mucosa  next  to  the  pylorus; 
in  the  later  ones  it  had  bees  taken  from  farther  down  the  duodenum. 
To  make  sure  that  the  differences  were  not  accidental,  the  catalase 
was  measured  in  several  adjacent  segments  as  follows: 


«, 

Doa 

34.0 
41.5 
43.3 
46.7 
4t.6 

35.8 
43.5 

45.6 
88.7 

32.8 
37.9 
38.6 
39.5 

3e.e 

17.6 
S7.S 
41.1 
82.6 
37.7 

23  3 

37  8 

It  seems  from  these  data  that  the  gradation  is  generally  upwards  at 
first  from  the  pylorus  to  the  middle  or  lower  duodenum,  from  whence 
it  is  downward  to  the  colon.  This  is  as  we  ^ould  expect  from  what  we 
know  of  intestinal  digestion.  All  the  evidence  points  to  the  presence 
of  the  greatest  activity  in  the  lower  duodenum  and  upper  jejunum 
where  the  valvulae  conniventes  and  villi  are  largest  and  most  numerous. 
A  gradation  in  the  metabolic  activities  of  the  gut  is  indicated  also  by 
the  gradation  in  the  blood  supply.  Monks  (6)  has  called  attention  to 
the  local  peculiarities  of  the  mesenteric  blood  vessels,  peculiarities 
which  insure  a  larger  blood  Sow  to  the  jejunum  than  to  the  ileum. 

We  know  now  that  the  gastric  mucosa  absorbs  very  httle ;  the  much 
thinner  and  simpler  mucous  membrane  of  the  colon  probably  absorbs 
still  less.  All  those  who  have  studied  the  question  of  nutrient  enemas 
^ree  that  little  passes  through  the  walls  besides  sugar,  salt  and  water. 
This  absorption  of  water  seems  to  be  one  of  the  main  functions  of  the 
colon.  In  fact,  this  organ  ia  to  the  body  what  a  condenser  is  to  a 
eteam  engine.  There  are  few  glands  in  the  colonic  wall  and  these  are 
concerned  mainly  with  the  excretion  of  mucus.  As  we  should  expect, 
then,  the  catalase  values  are  low.  They  are  graded  downwards  from 
the  cecum  at  first  but  later  they  rise  toward  the  anus.  It  is  impossible 
to  say  at  present  just  why  this  last  rise  should  appear. 

The  cecum  in  the  rabbit  plays  a  more  important  part  in  digestion 
than  does  the  colon  and  we  find  its  mucosa  has  a  larger  catalase  con- 
tent. As  we  would  expect,  there  is  no  constant  gradation  in  the  ^ures 
from  different  parts  of  the  cecimi.     Most  of  the  work  is  probably  done 
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by  the  cells  in  the  middle  region  of  the  oi^an  where  the  bulk  of  the 
contents  is  greatest,  and  there  the  catalaae  content  is  highest. 

On  the  whole,  theae  results  are  compatible  with  the  theory  that  the 
catalase  content  of  a  tissue  is  an  index  to  its  metabolic  activity.  In 
order  to  establish  this  point  a  httle  more  definitely,  a  few  estimationB 
were  made  of  the  COi  production  of  weighed  amounts  of  mucouB  mem- 
brane taken  from  five  different  r^ons  of  the  cat's  bowel.  Haas' 
method  was  used.  It  has  been  described  in  a  previous  paper  (1). 
The  bits  of  tissue  are  sealed  into  small  tubes  containing  Locke's  solu- 
tion whtoh  is  stained  pink  with  a  trace  of  phenolsulphonephthalein. 
The  COi  given  off  acidifies  and  decolorizes  the  solution.  After  some 
time  in  a  water  bath,  the  tubes  are  graded  according  to  tint.  As  the 
mucous  membrane  does  not  become  active  in  the  Locke's  solution  the 
way  the  muscle  does,  the  decolorization  was  slower  and  the  gradation 
less  pronounced.  In  fourteen  experiments,  however,  there  was  a 
definite  downward  tendency  from  the  duodeno-jejunal  region  to  the 
colon.  This  gradation  is  seen  also  in  the  following  six  experiments 
where  the  faded  tubes  were  titrated  back  to  their  ordinal  color.  Tbe 
^ures  represent  drops  of  n/50  NaOH. 


«« 

Jhonn 

Dhocn 

BIIx»u> 

Dboon 

UI»Q» 

»hdan 

Avm» 

Duodenum 

10 
10 
8 
6 
8 

S 
12 

9 
10 

8 

11 

10 
13 
10 
9 

8 

e 

15 

s 

8 

11 
M 
12 
» 
9 

9.3 

Ileum 

Although  the  data  are  few  and  somewhat  irregular  in  their  grada- 
tion, they  tend  strongly  to  confirm  the  conclusions  arrived  at  from 
the  catalase  studies. 

Do  these  studies  throw  any  light  on  the  predilection  of  ulcer  for 
certain  regions?  We  believe  they  do  not.  According  to  Bui^  and 
others  (7),  a  loss  of  oxidative  power  in  the  mucous  membrane  will  lead 
to  autodigestion  by  the  contained  ferments.  Magath  (8)  believes  that 
lumbricoid  worms  in  the  intestine  owe  some  of  their  immunity  to 
trypsin  to  the  presence  of  considerate  amoimts  of  catalase  in  their 
integuments.  Our  studies  lend  little  support  to  these  views  because, 
if  conditions  in  man  are  similar  to  those  in  the  cat  and  dog,  the  favorite 
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site  for  ulcer,  in  the  upper  duodenum,  must  have  a  very  high  catalase 
content.  The  low  catalase  content  of  the  mucous  membrane  in  the 
antrum  might  help  the  formation  of  ulcers  there  but  we  know  that  they 
often  are  found  well  up  on  the  lesser  curvature  where  the  catalase  con- 
tent should  be  high. 

It  is  very  suggestive  that  the  commonest  site  for  cancer  in  the  diges- 
tive tract,  the  lesser  curvature  near  the  pylorus,  ahould  have  the  lowest 
catalase  content.  The  next  lowest  place  in  the  animals  studied  would 
'  correspond  in  man  to  about  the  splenic  flexure,  another  common  site 
for  cancer.  Child  (9)  has  shown  with  simple  forais  of  life  that  the 
progressive  differentiation  of  the  cell,  with  the  gradual  accumulation 
of  more  or  less  stable  structural  substances,  leads  to  senescence  and 
death.  If  the  rate  of  metabolism  be  greatly  slowed  by  adverse  cir- 
cumstances, such  as  starvation  and  drying,  these  old  cells  may  use  up 
their  metaplasm;  they  dedifferentiate,  and  in  so  doing  reacquire  the 
faculty  of  growth  and  multiplication.  Goodpasture  (10)  has  just 
pointed  out  how  this  mechanism,  so  helpful  for  the  rejuvenation  of 
lower  forms  of  life,  can  become  a  menace  to  the  existence  of  higher 
forms.  It  may  be,  then,  that  these  regions  of  the  mucous  membrane 
with  their  low  rates  of  me^boliam  are  most  senile  and  therefore  most 
susceptible  to  cancerous  growth.  We  now  have  some  explanation  also 
for  the  remarkable  immunity  of  the  duodenal  mucosa  not  only  to 
primary  cancer  but  to  invasion  by  growths  beginning  in  the  stomach. 
Pathologists  have  often  wondered  why 'these  gaatrie  tumors  are  always 
so  sharply  limited  at  the  pylorus.  A  glance  at  figure  1  shows  now,  as 
might  have  been  expected,  that  there  are  pronounced  differences  in 
the  metabolism  of  the  cells  on  the  two  sides  of  the  sphincter:  differ- 
ences which  can,  conceivedly,  favor  or  hinder  the  growth  of  cancer. 


There  is  considerable  evidence  for  the  view  that  the  catalase  con- 
tent of  a  tksue  is  an  index  of  its  metabolic  activity. 

In  the  gastric  mucosa  the  catalase  content  is  graded  downwards 
from  the  cardia  to  the  pylorus.  The  amounts  are  smaller  along  the 
lesser  curvature  than  along  the  greater.  In  the  small  intestine  the 
amounts  are  graded  upwards  at  first  to  the  middle  duodenum  and  then 
downwards  to  the  ileo-cecal  sphincter. 

There  is  comparatively  little  catalase  in  the  colonic  mucosa  and 
that  is  graded  downwards  in  the  first  two-thirds  of  the  tube.    The  low 
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metabolic  activity  in  this  region  is  against  the  idea  that  colonic  auto- 
intoxication ia  a  common  happening.  The  mucosa  of  the  rabbit's 
cecum  is  quite  rich  in  catalase.  It  shows  no  constant  gradation  from 
one  end  to  the  other. 

The  COi-  production  of  equal  weights  of  mucosa  is  graded  from  the 
duodeno-jejun&l  region  to  the  colon. 

These  graded  results  agree  quite  well  with  what  we  know  about  the 
digestive  activities  in  the  different  regions.  They  do  not  appear  to 
throw  any  light  on  the  predilection  of  ulcer  for  certain  locations. 
'  It  is  suggestive  that  the  conunonest  site  for  cancer  has  the  lowest 
catalase  content.  This  region  with  its  low  rate  of  metabolism  is 
perhaps  most  senile  and  thus  most  disposed  to  malignant  change. 

The  abrupt  change  at  the  pylorus  to  a  mucous  membrane  with  a  high 
rate  of  metabolism  may  easily  account  for  the  sharp  limitation  of 
gastric  cancer  usually  found  at  that  point. 
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INTBODDCnON 

'  For  some  time  it  haa  been  recognized  that  the  epithelial  portion  of  th« 
hypophysis  cerebri  consists  of  two  very  different  parts.  One  is  bulky 
and  glandular  while  the  other  is  a  thin,  epithelial  layer  closely  investing 
the  neural  lobe.  The  two  parts  are  separated  by  a  cleft  which  is  the 
residuum  of  the  original  cavity  of  Rathke's  pocket.  To  the  former 
part  Peremeachko  (1)  has  applied  the  name  "  Korkschicht"  and  to  the 
latter  " Markschicht,"  while  Herring  has  termed  them  "anterior  lobe 
proper"  and  "para  intermedia"  respectively. 

Only  recently  has  it  been  shown  that  a  distinct  third  epithelial  lobe 
exists,  extending  nasalwards  from  the  junction  of  pars  intermedia  and 
anterior  lobe  proper,  to  surroimd  the  infundibulum  and  to  spread  out 
for  a  variable  distance  under  the  brain  floor.  Because  of  its  close  rds- 
tion  to  the  tuber  cinereum  in  many  animals  Tilney  (2)  has  named  this 
part  the  "pars  tuberalis." 

The  pars  tuberalis  had  long  been  considered  aa  belonging  to  the  pars 
intermedia.  In  fact  Herring  (3)  calls  it  the  "tonguelike  process  of  the 
pars  intermedia"  and  the  "extension  of  pars  intermedia  round  neck  of 
pituitary,"  although  he  notes  that  it  is  more  vascular  than  that  part 
of  the  pars  intermedia  which  faces  the  cleft. 

Tilney  has  shown  that  the  pars  tuberalis  is  distinct  histologically 
and  embryologically.  One  of  us — Atwell  (4) — has  recently  given  a  full 
account  of  the  development  of  the  pars  tuberalis  in  the  rabbit.  It  is 
shown  to  arise  from  a  pair  of  thickened  ridges  which  are  situated  at 
the  nasal  side  of  Rathke's  pocket  and  which — contrary  to  the  state- 
ments of  Tilney — are  discernible  very  early.  The  two  ridges  develop 
into  the  lateral  lobes  which  later  come  to  Ue  spread  out  under  the  brain 
76 


yGooglc 


eXTaACTS  OF  SETSRAL  PARTS  OF  OX  PITUITART  77 

floor  and  which,  fuBing  with  each  other  acroas  the  midline,  form  the 
pare  tuberalis  of  the  adult. 

The  pare  tuberalis  hae  been  recognized  and  its  development  traced 
in  several  vertebrates.  Tilney  (2)  gives  a  brief  account  of  its  develop- 
ment in  the  cat  and  the  chick;  Baumgartner  (5)  has  studied  its  develop- 
mental history  in  the  reptilia;  Parker  (6)  in  the  marsupialia;  and  Atwell 
(4)  in  the  rabbit  and  (7)  in  the  tailless  amphibia.  It  is  well  known 
that  the  ventral  sacs  of  the  hypophysis  of  certain  elasmobranchs  have  a 
pured  origin  and  Woerdemann  (8)  has  homologized  these  sacs  with 
the  "lobulus  bifurcatus"  (pare  tuberaliB)of  the  higher  vertebrates.  The 
histotyof  the  pare  tuberalis  in  the  ganoids  and  the  teleosts  is  practically 
unknown  but  it  is  significant  that  three  different  epithelial  portions 
have  been  recognized.  Thus  Stendell  (9)  speaks  of  a  " Hauptlappen," 
a  "  Zwischenlappen"  and  an  "  Uebergangsteil."  Whether  the  last- 
named  portion  is  homologous  with  the  pare  tuberalis  of  other  verte- 
brates and  whether  it  arises  from  a  pair  of  anUgen  in  these  fishes  remain 
to  be  learned. 

The  constancy  with  which  the  pare  tuberalis  is  present  in  various 
vertebrates  bespeaks  for  it,  the  senior  author  was  led  to  believe,  some 
distinct  physiological  function.  Accordingly  the  present  study  was 
undertaken  with  a  view  to  determining  what  functions,  if  any,  are  pos- 
sessed by  it.  Since  the  pare  tuberalis  has  been  most  often  confused 
in  structiu-e  with  the  pare  intermedia,  our  firet  endeavor  has  been  to 
compare  the  activity  of  extracts  prepared  from  these  two  parts.  This 
study  will  not  include  a  comparison  of  the  functions  of  the  pare  tuber- 
alis and  the  anterior  lobe  proper.  Ii\irther  experimentation  along  this 
line  is  projected. 

THE  ANATOMY   OF  THE    BOVINE   HYPOPHYSIS 

In  our  work  we  have  made  use  of  the  pituitary  body  of  the  ox,  since 
it  is  large  and  easily  obtainable.  Because  the  topography  of  the  pars 
tuberalis  has  never  been  described  for  the  hypophysis  of  the  ox,  our 
physioiogica]  experiments  were  necessarily  preceded  by  a  rather  careful 
morphological  study  of  the  gland.  It  is  extremely  important  to  recog- 
nize the  extent  and  relations  of  the  several  parts  of  the  organ  wheii  "pure" 
extracts  are  to  be  made.  We  feel  that  the  finer  anatomy  of  the  hypo- 
physis too  often  has  been  neglected  by  physiological  workere. 

The  pituitary  body  as  ordinarily  received  from  the  packing  house  has 
been  torn  loose  from  the  brain  leaving  a  longer  or  shorter  stalk.    Such 
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glandB  are  unfavorable  for  microscopical  study  since  not  all  of  the  pars 
tuberalis  is  present.  By  carefully  removing  the  hypophysis  with  a 
considerable  portion  of  the  diencephalon  and  hypothalamus  attached 
for  fixation  one  is  able  to  preserve  the  attachment  of  the  neural  stalk 
to  the  infuodibulum  together  with  the  entire  pars  tuberalis. 

Figure  1  presents  a  diagrammatic  mid-sagittal  section  through  the 
hypophysis  and  the  adjacent  brain  floor.  The  anterior  lobe  proper  (fine 
stipple)  makes  up  the  main  bulk  of  the  gland.  The  pais  intermedia 
(bla«k)  is  a  thin  epithelial  layer  closely  applied  to  the  neural  lobe.  Pars 
intermedia  and  anterior  lobe  proper  are  separated  by  the  cleft  or  residual 
lumen  of  Rathke's  pocket.    Near  the  caudal  end  of  the  pars  intermedia 


Fig.  1.  Diagrammatic  median  sagittal  sectioa  of  the  bovine  hypophysis,  nasal 
end  at  the  riKht,  X  4.  Lined,  neural  lobe,  neural  stalk  and  brain  wall;  black, 
pars  intermedia;  fine  stipple,  para  anterior  propria;  coarse  stipple,  pars  tuberalis; 
in/.  T.,  infundibular  rccesa;  c,  cone  of  Wulien. 

is  a  mass  of  cells  resembling  the  anterior  lobe  in  structure  (c,  fig.  1). 
This  is  the  cone  of  Wulzen  (10).  We  are  able  to  confirm  the  reports 
of  this  observer  as  to  the  constancy  of  its  presence.  In  some  glands 
(as  shown  in  our  fig.  1)  the  cone  is  flattened,  in  others  it  is  much  taller. 
It  is  characterized  by  the  presence  of  numerous  acidophile  cells  such 
as  are  so  abundant  in  the  anterior  lobe  proper. 

The  neural  lobe  (lined,  fig.  1)  is  attached  to  the  brain  floor  by  a  nar- 
row stalk  into  which  the  infundibular  recess  (inf.  r.)  extends  for  some 
distance.  It  is  surrounding  this  neural  stalk  that  the  pars  tuberalis 
(coarse  stipple,  fig.  1)  is  to  be  found.  It  forms  a  thin  layer  varying 
from  0.25  mm.  to  1,5  mm.  in  thickness.    While  the  boundary  between 
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the  pars  tuberalis  and  the  pars  intermedia  is  fairly  well  defined,  the 
eame  cannot  be  said  for  the  junction  of  the  pare  tuberalis  with  the  an- 
terior lobe  proper.  In  fact,  the  pars  tuberalis  seems  to  extend  for  a 
variable  distance  over  the  anterior  lobe  and  to  form  a  cortex  for  its 
nasal  end. 

Histolc^cally  the  pars  tuberalis  is  readily  distinguished  from  both 
the  pars  intermedia  and  anterior  lobe  proper.     It  does  not  contain  the 
eosinophile  cells  which  are  so  characteristic  of  the  anterior  lobe  and  it 
is  much  more  vascular  than  the  pars  intermedia.     Even  in  the  gross 
numerous  blood  vessels  may  be  dis- 
cerned, disposed  in  an  antero-posterior 
direction.    These  are  well  shown  in 
transverse  section  in  figure  2.    The 
cells  of  the  pars  tuberalis  are  arrai^d 
in  small  blind  tubules  or  acini,  the 
walls  of  which  are  composed,  generally, 
of  one  layer  of  cells  (fig.  3) .    Occasion- 
ally the  lumen  of  an  acinus  is  slightly 
distended  by  an  accumulation  of  homo- 
geneous material  which  takes  a  faint 
eosin  stain.    Manyacinidonotshowa 
distinct  lumen.    The  cells  of  the  pars 
tuberalis  are  Ughter  than  those  of  the 
pars  intermedia  although  both  have 
been  described  as  "chromophobe." 

Some  difference  of  opinion  seems  to 
exist  concerning  the  presence  of  hyalin 
bodies  in  the  neural  lobe.  Lewis, 
Miller  and  Matthews  (11)  state  that 
such  bodies  do  not  foim  a  striking 
picture  in  the  histology  of  the  ox  hypophysis.  Herring  (12)  on  the  other 
hand  finds  them  very  pronounced,  some  showing  the  remains  of  swollen 
nuclei;  "others  are  in  a  more  advanced  stage  of  alteration  ai;id  form 
rounded,  oval  or  irregular  colloid  masses."  We  must  agree  with 
Herring  that  hyalin  bodies  are  fairly  numerous  in  the  tissues  of 
the  neural  lobe  and  that  they  are  also  to  be  found,  though  less 
abundantly,  in  the  neural  stalk.  After  routine  methods  of  prepara- 
tion (formalin  fixation,  hematoxyfin  and  eosin  staining)  the  hyalin 
bodies  show  a  faint  eosin  color  and  might  be  very  easily  overlooked. 
After  a  modified  Weigert  hematoxylin  and  van  Gieson  connective  tissue 
Btain,  however,  they  are  a  very  dark  gray  and  stand  out  prominently. 


Fig.  2.  TransverK  aectioD  of 
the  hyiMphyseal  stalk.  .  X  20. 
Neural  stalk  Oight)  ie  in  center 
and  ie  surrounded  by  the  pars 
tuberalis  which  shows  numerous 
blood  vessels;  inf.  r.,  inrundib- 
ular  recess. 
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They  often  contain  in  their  cesters  darker  staining  masseB.  Whether 
or  not  these  are  degenerating  nuclei,  as  claimed  by  Herring,  we  are 
not  prepared  to  state. 

The  hyalin  bodiee  found  in  the  neural  lobe  are  different  chemically 
from  the  contents  of  the  acini  of  the  pars  tuberalis.  This  is  clearly 
shown  in  the  Weigert-van  Gieson  stain.  While  the  hyalin  masses 
stain  a  dark  gray  color  the  material  in  the  acini  is  colored  a  light  yel- 
low. It  seems  most  likely  that  the  hyalin  bodies  are  derived  from  the 
pars  intermedia  and  enter  the  neural  lobe  secondarily,  as  mainttuned  by 
Herring.  We  do  not  beheve  that  the  pars  tuberalis  takes  any  part  in 
their  formation. 

THE  PREPARATION  OF  EXTRACTS 

For  the  purpose  of  comparing  the  activity  of  the  pars  tuberalis  and 
the  pars  intermedia  we  endeavored  to  prepare  "pure"  extracts  which 
c.t  would  contain  the  active  principle  or  princi- 

ples of  each  part  separately.  By  using  the 
methods  of  Lewis,  Miller  and  MattiiewB 
(11)  and  of  Herring  (12),  it  was  found  a 
comparatively  easy  matter  to  obtain  the 
pars  intermedia  substance  in  the  pure  con- 
dition. Upon  separatii^  the  anterior  lobe 
proper  from  the  "posterior  lobe"  (which 
consists  of  neural  lobe  and  the  closely  invest- 
ing pars  intermedia),  by  cutting  around  the 
I.  margins  of  the  cleft,  the  surface  of  the  pars 

Fig.  3.  Section  of  para  intermedia  is  exposed.  Its  color  is  usuaUy 
tuberaliaot  bovine hypophy-  distinctive  ranging  through  almost  all  shades 
aia.  X  300.  I.,  lumen  of  an  of  yellow,  orange  and  brown.  There  is  no 
acinus  distended  by  a  small  marked  intermingling  of  nervous  and  pars 
amount  of  granular  ma-  intermedia  tissues  in  the  OX  (cf.  fig.  1).  By 
tenal;c.f., connective  tissue;  ,       ,  „  ,      .  , 

.-..oneottheamallervesselB.  "^8  *  P^  ^^  ^mall  curved  scissors  and 
working  where  the  pars  intermedia  is  the 
thickest  (near  the  caudal  end  of  the  gland)  it  is  possible  to  snip  off  small 
pieces  of  the  yellowish  tissue  without  cutting  deep  enough  to  Include  any 
of  the  neural  lobe,  which  is  gray.  Care  was  taken  to  avoid  the  margins 
of  the  cleft  and  thus  we  are  sure  that  we  prevented  contamination  from 
the  anterior  lobe  proper  or  from  the  pars  tuberalis.  The  cone  of 
Wulzen  was  readily  recognized  and  was  always  avoided. 
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The  separation  of  the  pars  tuberalis  from  the  neural  stalk  which  it 
invests  has  been  supposed  to  be  impossible.  For  example  Herring  (12) 
states,  in  reference  to  his  "tongue-like  process  of  the  pars  intermedia" 
and  the  neural  stalk,  '  'it  would  be  impossible  to  dissociate  the  two  tis- 
sues at  this  level."  After  a  careful  study  of  the  physical  properties 
of  the  two  tissues,  however,  we  have  found  that  they  may  be  separated 
very  satisfactorily.  The  pars  tuberalis  is  well  supported  by  connec- 
tive tissue  which  ramifies  throughout  its  substance  (fig.  3).  On  tlus 
account  it  Is  tough  and  not  readily  broken.  The  tissue  of  the  neural 
italk,  on  the  other  hand,  is  soft  and  friable. 

After  some  experimenting  it  was  found  that  the  most  satisfactory 
procedure  was  as  follows :  the  stalk  of  the  gland  (the  neural  stalk  and 
the  surrounding  pars  tuber^is)  was  cut  transversely  a  sufficient  dis- 
tance anterior  to  its  attachment  to  the  gland  to  avoid  the  pars  intet^ 
media  and  the  anterior  lobe  proper.  The  short  cylinder  was  laid 
upon  a  clean  glass  plate  and  the  pars  tuberalis  slit  its  length  with  fine 
scissors.  It  was  then  found  to  be  a  comparatively  easy  matter  to  peel 
off  the  pars  tuberalis  as  a  thin,  tough  membrane.  Any  adhering  pieces 
of  nervous  tissue  were  removed  by  gentle  scraping  with  a  blunt  scalpel. 
Both  the  pars  tuberalis  and  the  neural  stalk  tissues  were  saved. 

For  the  preparation  of  extracts,  then,  we  had  pure  pars  intermedia, 
pure  tissue  of  the  neural  stalk,  and  pars  tuberalis  which  had,  perhaps, 
a  small  amount  of  neural  stalk  substance  adhetit^  but  which  certainly 
was  uncontaminated  by  inclusion  of  any  of  the  pars  intermedia  or  of 
the  anterior  lobe  proper. 

From  these  tissues  we  at  first  prepared  extracts  by  macerating  tiie 
fresh  gland  substance  in  a  mortar  and  then  boiling  it  with  dilute  acetic 
ftcid  as  described  by  Roth  (13)  so  that  each  cubic  centimeter  of  the 
completed  extract  represents  the  water-soluble  constituents  from-  1 
mgm.  of  fresh  gland  substance.  We  found  this  dilution  entirely  too 
weak  for  most  of  our  experiments  so  that  later  we  prepared  extracts 
having  a  strength  of  10  per  cent  of  the  fresh  gland.  Each  cubic  centi- 
meter of  the  stronger  extract  represents  the  water-soluble  constituents 
from  100  mgm.  of  fresh  gland  substance.  Dilutions  of  this  extract 
were  made  as  required.  In  certain  instances  comparisons  were  made 
between  the  action  of  these  extracts  and  of  commercial  pituitrin  and 
adrenalin. 
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Since  the  discovery  in  1895  by  Oliver  and  Scb&fer  (14)  that  extracts 
of  the  pituitary  body  contain  an  active  physiological  substance,  a 
number  of  studies  have  been  made  attempting  to  determine  the  origin 
of  this  substance.  Howell  (15)  soon  found  that  the  active  principles 
are  resident  in  the  posterior  lobe  and  not  in  the  anterior,  an  observation 
which  has  been  confirmed  repeatedly.  In  1908  Herring  (3)  showed  from 
lu8tol(^caI  evidence  that  the  "posterior  lobe  owes  its  activity  to  the 
investing  epithelial  layer,  the  pars  intermedia."  Crowe,  Gushing  and 
Homans  (16)  concur  with  Herring  in  statii^  that  hyalin  bodies  pass 
into  the  third  ventricle.  Gushing  and  Goetsch  (17)  obtained  a  pressor 
effect  by  injectii^  concentrated  human  cerebro-spinal  fluid  into  rab- 
bits. Carlson  and  Martin  (18),  however,  were  not  able  to  obtain  a 
preasor  effect  from  the  cerebro-spinal  fluid  of  normal  dogs. 

Lewis,  Miller  and  Matthews  (11)  made  extensive  studies  upon  the 
activity  of  extracts  from  various  parts  of  the  ox  pituitary.  From  ex- 
tracts of  pure  pars  intermedia  they  obtained  a  pressor  effect  on  d(^. 
These  authors  tested  extracts  made  from  the  stalk  of  the  gland  or 
"infundibular  w^ls"  and  failed  to  obtain  pressor  effects.  On  this  ac- 
count they  doubt  the  passage  of  secretion  from  the  neural  lobe  into  the 
third  ventricle.  Biedl  was  able  to  confinn  the  observation  that  a  pres- 
sor substance  is  yielded  by  extracts  of  the  pure  pars  intermedia,  but 
he  failed  to  obtain  constantly  such  effects  from  the  neural  lobe.  Her- 
ring found  that  the  pars  intermedia  of  the  ox  pituitary  yields  a  substance 
which  stimulates  uterine  contraction  and  increases  the  secretion  of  milk 
but  which  exercises  little  if  any  pressor  effect  in  the  cat.  Extracts  of 
the  neural  lobe  were  found  "to  yield,  in  relatively  larger  amount,  the 
material  which  stimulates  the  uterus  and  acts  as  a  galact^ogue."  In 
'addition,  extracts  of  the  neural  lobe  produce  a  rise  of  blood  pressure  in 
the  cat. 

The  use  of  pituitary  extracts  to  stimulate  peristalsis  in  cases  of  post- 
-  operative  intestinal  stasis  has  become  quite  general  since  its  suggestion 
by  Bell  and  Hick  (19).  Duffy  (20)  has  recently  reviewed  the  literature 
and  strongly  recommends  pituitary  extract  for  the  relief  of  intestinal 
paresis.  Certain  authors,  however,  have  noted  that  inhibition  of  the 
normal  intestinal  rhythm  may  be  produced  by  pituitary  extracts. 
Bayer  and  Peter  (21)  using  0.4  to  5.0  cc.  of  pituitrin  in  15  to  20  cc. 
Ringer's  solution  obtained  marked  slowing  and  inhibition  of  the  rhythm 
of  segments  of  rabbit  intestine.     Shamoff  (22)  used  a  much  greater 
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dilution  and  obtained  inhibition  of  activity  on  the  isolated  intestinal 
e^juent.  When  1  mgm.  of  dried  posterior  lobe  substance  was  shaken 
up  in  5  cc.  of  Ringer's  solution  and  later  the  clear  fluid  decanted  and 
added  to  the  Ringer's  solution  containing  the  intestinal  segment,  a 
distinct  inhibitory  effect  was  observed.  A  similar  effect  was  obtained 
with  certain  commercial  pituitary  extracts  in  a  dilution  of  1 :  5000. 
Hoskins  (23)  observed  inhibition  of  periatalBis  in  the  intact  intestine  of 
the  dog  following  intravenous  injection  of  pituitrin,  and  also  foElowiog 
injection  of  saline  extracts  prepared  from  the  desiccated  gland.  Roth 
(13)  obtained  inhibition  of  the  intestinal  segment  of  the  rabbit  in 
pituitrin  diluted  1 :  40.  He  ascribes  the  inhibitory  effect  to  the  pres- 
ence of  chlorbutanol,  which  is  used  as  a  preservative  in  this  pituitaiy 
extract. 

Our  experiments  include  tests  made  to  determine  what  action,  if 
any,  is  possessed  by  the  pars  tuberalis  of  the  ox  pituitary  upon  the 
isolated  uterine  segment,  the  isolated  intestinal  segment,  and  what 
action  upon  the  blood  pressure  of  the  rabbit  and  of  the  dog. 

a.  Upon  the  isoiaied  uterine  segment.  The  effect  of  extracts  of  the 
pars  tuberalis  and  of  the  pars  intermedia  was  tested  upon  the  isolated 
uterine  segment  of  young  guinea  pigs.  The  method  described  by  Dale 
and  Laidlaw  (24)  was  followed.  The  uterus  of  a  virgin  guinea  pig  weigh- 
ing 300  to  350  grams  was  employed.  It  was  suspended  in  about  100 
cc.  of  oxygenated  Locke's  solution  and  maintained  at  3S  to  39°C.  Meas- 
ured quantities  of  the  extracts  to  be  tested  were  added  to  the  Locke's 
solution  and  allowed  to  act  until  a  maximum  contraction  had  been 
obtained.  This  was  ordinarily  not  longer  than  thirty  seconds.  After 
washing  with  fresh  Ringer's  at  least  five  minutes  was  allowed  before 
another  test  was  attempted. 

The  extracts  used  were  the  weaker  (Roth's  "standard"),  each  cubic 
centimeter  representing  the  water-soluble  principles  from  1  mgm.  of  the 
fresh  gland.  In  a  preliminary  test  2  cc.  of  pars  intermedia  extract 
ehcited  a  contraction  of  35  mm.,  while  2  cc.  of  pars  tuberalis  extract 
gave  a  contraction  of  only  5  mm.  The  record  of  one  series  of  readings 
obtained  consecutively  is  given  in  table  1,  pf^  84. 

Computing  from  this  table,  the  average  contraction  value  in  milli- 
meters for  each  cubic  centimeter  of  pars  intermedia  extract  is  33 ;  while 
the  same  average  value  per  cubic  centimeter  of  pars  tuberalis  extract 
is  4.45  mm.  Thus  we  find  that  extracts  of  the  pars  tuberalis  are  very 
much  inferior  to  extracts  of  the  pars  intermedia  in  producing  contrac- 
tion of  the  isolated  uterus  of  the  guinea  pig.     By  computing  the  rela- 


yGooglc 


84 


W.  J.   ATWBLL  AND  C.  J.  KARINUS 


tive  activity  of  the  two  extracts  it  will  be  seen  that  the  pars  intermedia 
extract  is  approximately  seven  times  aa  powerful  as  the  pars  tuberalis 
attract. 

b.  Upon  the  isolated  iniesUnal  segment.  The  several  pituitary  extracts 
were  tested  for  their  effects  upon  the  isolated  intestinal  segment  of  the 
rabbit.  Commercial  pituitrin  was  also  tested  in  a  number  of  dilutions. 
Tlie  rabbit  was  stunned  by  a  blow,  then  bled,  thin  procedure  being 
choeen  to  avoid  the  inhibitory  effect  produced  by  an  anesthetic.  The 
intestinal  s^ment  was  suspended  in  warm  oxygenated  Ringer's  solu- 
tion in  the  same  apparatus  used  for  the  uterine  s^ment  experiments. 

We  have  not  observed  inhibition  of  intestinal  rhythm  by  the  action 
of  pituitary  extracts  except  in  rather  weak  dilutions.  Comparatively 
strong  extracts  increased  the  activity  of  the  segment.    When  0.5  cc. 


UUru*  U»l 

■"'-""■■■"» 

""<-"—-'"' 

^:^ 

FtntDbuBli* 

34.0 
IS.S 

4:59 

&:10 

of  10  per  cent  extract  of  pars  intermedia  is  added  to  the  segment  con- 
tracting spontaneously  in  100  cc.  Ringer's  solution,  a  slowing  of  the 
riiythm  and  a  strengthening  of  the  contractions  is  produced.  -  A  similar 
effect  was  caused  by  the  addition  of  0.5  cc.  of  pituition,  except  that 
the  effect  was  more  marked. 

Inhibition  of  intestinal  activity  was  obtained  in  certain  cases  by  the 
use  of  very  dilute  extracts.  Like  Shamoff,  we  find  that  the  inhibitory 
effect  is  not  a  constant  phenomenon.  On  one  occasion  a  clear-cut  case 
of  inhibition  was  obtained  by  shaking  1  mgm.  of  dried  pars  intermedia 
with  5  cc.  of  Ringer's  solution  and  adding  the  supernatant  fluid  to  the 
test  bath.  The  similar  use  of  1  mgm.  of  dried  pars  tuberalis  failed  to 
produce  an  inhibitory  effect. 
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In  figure  4  is  shown  the  efiFect  produced  by  A,  0.2  cc.  of  1: 1000  adre- 
nalin chloride;  B,  5  cc.  of  Ringer's  solution  shaken  up  with  1  mgm.  dry 
pars  intermedia;  and  C,  5  cc.  Ringer's  shaken  up  with  1  mgm.  dry  pars 
tuberalis. 

0.  Upon  the  blood  pressure.  1.  Of  the  rabbit.  A  fanale  rabbit  weir- 
ing 3.6  kilos  was  anesthetized  by  paraldehyde  per  os;  the  right  jugular 


Fig.  4.  To  show  the  effect  of  various  extracts  upon  the  isolated  InteBtinal  seg- 
ment of  the  rabbit  contraoting  spontaneously  in  ozyfenated  Ringer's  solution. 
Downs troke  represents  contraction. 

vein  was  exposed  for  the  administration  of  extracts  and  changes  in 
blood  pressure  were  recorded  from  the  left  carotid.  The  extracts 
tested  in  this  experiment  were  of  the  weaker  variety  (1 :  1000  of  the 
fresh  gland).  The  intravenous  injection  of  .1  cc,  2  cc.  or  5  cc.  of  1: 1000 
extract  of  pars  tuberalis  failed  to  call  forth  any  pressor  effect.  The 
administration  of  2  cc.  of  1 :  1000  extract  of  pars  intermedia,  however, 
elicited  a  slight  rise  of  pressure  while  5  cc.  of  the  same  extract  produced 
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a  well-defined  rise  (1^.  5).    The  pressor  effect  was  of  comparatively 
short  duration. 

We  find,  then,  that  an  extract  of  the  isolated  pars  intennedia  of  the 
ox  pituitary  has  a  distinct  pressor  effect  upon  the  blood  pressure  of  the 
rabbit  when  injected  in  amounts  as  small  as  the  equivalent  of  2  to  5 
mgm.  of  the  fresh  gland  substance.  Equal  amounts  of  the  pars  tuber- 
alis  fail  to  produce  a  rise  is  pressure. 


Fig.  5.  To  show  the  effect  upon  the  blood  preaaure  of  the  rabbit  foUowiDg  iotra- 
venouB  iDJectton  of  pure  para  intermedin  extract.    Time  is  in  aecoDds. 

i.  OS  the  dog.  Intravenous  injection  of  0.3  cc.  pituitrin  made  up  to 
5  cc.  in  salt  solution  produced  a  typical  prolonged  rise  of  pressure  pre- 
ceded by  a  brief  depression.  After  about  thirty  minutes  0,6  cc.  of  10 
per  cent  extract  of  pars  intermedia  in  5  cc.  salt  solution  called  forth  a 
strikingly  similar  reaction  consisting  of  a  preliminary  depression  and  a 
subsequent  prolonged  rise. 

In  two  experiments  the  effects  of  intravenous  injections  of  commercial 
pituitrin,  extract  of  pars  tuberalis  and  extract  of  neural  stalk  were 
compared.  The  two  experiments  gave  similar  results  and  only  the 
data  from  experiment  2  will  be  presented  in  detail. 
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A  male  dog  weighii^  20  kilofl  was  aDesthetiiied  by  intraperitoneal 
injection  of  chloretone  in  olive  oil.  The  extracts  were  introduced  into 
tite  left  femoral  vein  and  the  blood  pressure  record  was  obtained  from 
the  left  carotid  artery.    The  extracts  of  pars  tuberalis  and  of  neural 
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stalk  used  in  this  experiment  were  equivalent  to  10  per  cent  of  the 
fresh  gland;  that  is,  e&ch  cubic  centimeter  of  the  extract  represented 
the  water-soluble  constituents  of  100  mgm.  of  fresh  gland  substance. 
The  pituitrin  used  was  diluted  to  one-tenth  the  strength  of  commercial 
pituitrin. 
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Computing  from  the  above  data  it  is  seen  that  a  10  per  cent  coctract 
of  neural  stalk  la  somewhat  more  powerful  in  raisng  blood  pressure 
in  the  dog  than  is  an  equal  amount  of  10  per  cent  pitultrin.  Extracts 
of  the  pars  tuberalis  are  very  inferior  to  thoae  of  the  neural  stalk  in 
pressor  effect.  Numerically  expressed,  extracts  of  the  neural  stalk  are 
almost  six  times  as  powerful  as  extracts  of  Uie  pars  tuberalis. 

DISCUSSION 

Our  observations  have  shown  that  extracts  of  the  pars  tuberalis  are 
very  inferior  to  extracts  of  the  pars  intermedia  in  producing  contraction 
of  the  isolated  uterine  segment  and  likewise  are  inferior  to  extracts  of 
the  neural  stalk  in  raising  the  blood  pressure  of  the  dog.  Two  things 
especially  are  to  be  noted.  First:  the  pressure  curves  produced  by 
these  three  extracts  are  similar,  indicating  that  we  are  dealii^  with 
one  substance  or  at  least  with  the  same  group  of  substances  in  all  cases. 
Second :  the  method  of  preparation  of  the  extracts  makes  it  certain 
that  the  pars  intermedia  and  neural  stalk  extracts  were  pure,  but  it  ia 
highly  probable  that  the  pars  tuberalis  extract  was  contaminated  by 
the  inclusion  of  small  amounts  of  the  neural  stalk. 

It  is  our  belief  that  the  active  effecta  shown  by  extracts  of  the  para 
tuberalis  are  due  to  the  inclusion  of  neural  stalk  substance.  In  other 
words  we  believe  that  if  an  extract  of  the  pars  tuberalis  could  be  ob- 
tained in  an  absolutely  pure  condition  it  would  not  be  capable  of  the 
active  effects  which  we  have  noted. 

Lewis,  Miller  and  Matthews  (11)  failed  to  obtain  a  pressor  effect 
from  extracts  of  the  "infundibular  walls"  and  so  concluded  that  there 
is  a  distinct  break  in  the  path  of  secretion  between  the  neural  lobe  and 
the  third  ventricle.  At  the  time  these  authors  performed  their  experi- 
ments the  existence  of  the  pars  tuberalis  as  a  distinct  lobe  had  not  been 
recognized.  It  has  been  our  observation  that  in  glands  received  from 
the  packing  house  there  is  considerable  retraction  of  the  soft  neural  tis- 
sue in  the  centre  of  the  stalk,  leaving  a  false  "infundibulum"  the  walls 
of  which  are  composed  mainly  of  the  pars  tuberalis.  This  tissue  is  very 
feeble  in  producing  pressor  effects,  as  we  have  shown.  In  the  prepara- 
tion of  our  neural  sttUk  extract  we  used  only  careful  isolated  neural  tis- 
sue and  have  obtained  constantly  a  striking  pressor  effect  on  the  dog. 
It  is  believed  that  this  observation  removes  the  objection  made  by  Lewis, 
Miller  and  Matthews  against  the  possibihty  that  secretion  may  pass 
from  the  neural  lobe  into  the  third  ventricle  via  the  neural  stalk. 
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Biedl  (2S)  states  that  extracts  of  pure  netiral  tissue  of  the  hypophysiB 
do  not  produce  a  preeeor  effect,  but  Herring  has  controverted  thia  atate- 
ment  since  he  has  been  able  to  obtain  constantly  a  rise  of  pressure  in 
cats  with  such  extracts.  Our  observations  on  the  effects  produced  by 
extracts  of  the  isolated  neural  stalk  lend  support  to  the  contentions  of 
Herring. 

Lewis,  Miller  and  Matthews  and  likewise  Biedl  obtained  a  marked 
rise  of  blood  pressure  in  the  dog  by  intravenous  injection  of  pure  pars 
intermedia  extracts.  Herring,  however,  failed  to  obtain  similar  effects 
in  the  cat.  We  have  obtained  strong  pressor  effects  in  the  d<^,  thus 
confirmii^  the  observations  of  Lewis,  Miller  and  Matthews  and  of 
Biedl.  Of  course,  as  Herring  suggests,  the  difference  of  results  ob- 
tained may  be  due  to  differences  in  reaction  peculiar  to  the  species  of 
animal  used.  We  have  not  tested  the  effect  of  para  intermedia  extract 
on  the  cat  but  we  are  able  to  state  that  in  the  rabbit  an  extract  repre- 
senting as  little  as  5  mgm.  of  fresh  pars  intermedia  of  the  ox  causes  a 
distinct  rise  of  pressure. 

The  depression  or  complete  inhibition  of  intestinal  activity  which 
sometimes  follows  adminiBtration  of  pituitary  extracts  is  as  yet  an 
imperfectly  imderstood  phenomenon.  In  reviewing  the  results  of  those 
few  observers  who  have  obCa^ed  such  depression  one  is  struck  by  the 
wide  variance  of  concentration  in  the  extracts  used.  Of  authors  irtio 
record  depression  with  the  isolated  intestinal  segment  Bayer  and  Peter 
(21)  and  Roth  (13)  used  comparatively  concentrated  solutions,  while 
Shamoff  (22)  and  ourselves  have  used  very  dilute  solutions.  Hoskins 
(23)  alone  has  recorded  inhibition  of  activity  in  the  intact  intestines. 

Bayer  and  Peter  obtained  inhibition  by  the  use  of  from  2  to  6  cc. 
pituitrin  in  15  to  20  cc.  Ringer's  solution,  and  Roth  observed  inhibition 
when  the  intestine  segment  was  suspended  in  pituitrin  diluted  1 :  40. 
Roth  ascribes  the  inhibitory  effect  to  the  chlorbutaool  present  in  this 
pituitary  extract  since  he  obtained  a  similar  inhibition  with  a  solution 
containing  an  equivalent  amount  of  chlorbutanot  alone.  This  is  prob- 
ably the  correct  explanation  when  inhibition  is  obtained  in  such  enor- 
mous concentrations.  But  this  certainly  does  not  apply  to  the  inhibit 
tions  recorded  by  Sfaamoff  who  did  not  use  ordinary  pituitrin  and  who 
obtained  only  sU^t  depression  with  "pituitrin  A,"  while  he  obtained 
more  distinct  inhibition  with  other  commercial  preparations  as  well  as 
witti  extracts  prepared  from  fresh  and  dried  glands. 

The  only  inhibition  of  clinical  interest  is  that  resulting  from  the 
weaker  dilutions  since  it  is  manifestly  impossible  to  attain  a  concentra- 
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tion  as  great  ae  1 :  40  for  metajice,  in  the  living  animal.  Further  ob- 
servations on  the  intact  intestine  are  necessary  to  determine  whetlier 
such  iniiibitory  effects  constitute  an  indication  against  the  use  of  pitui- 
tary  extracts  for  the  relief  of  intestinal  stasis. 

SUUlfABY   AND   CONCLUSIONS 

1.  A  "pars  tuberalis"  may  be  distinguished  in  the  bovine  hypophysis. 
It  differs  histologically  from  both  the  pars  intermedia  and  the  pars 
anterior  propria. 

2.  The  pars  tuberaUs  may  be  separated  fairly  definitely  from  the 
neural  stalk  which  it  invests  and  may  be  obtained  in  sufficient  quantity 
for  the  preparation  of  extracts. 

3.  The  extract  of  pars  tuberalis  so  obtained  is  doubtless  contami- 
nated by  the  presence  of  small  amounts  of  neural  stalk  substance  but 
it  is  certain  that  there  is  no  admixture  of  tissue  from  the  pars  intermedia 
or  from  the  pars  anterior  propria. 

4.  Extracts  of  the  pars  tuberalis  are  very  inferior  to  extracts  of  the 
pars  intermedia  in  producing  contractions  of  the  isolated  uterine  s^- 
ment  and  are  likewise  inferior  to  extracts  of  the  neural  stalk  in  raising 
the  blood  pressure  of  the  dog.  Extracts  of  the  pars  tuberalis  equiva- 
lent to  5  mgm.  of  fresh  gland  substance  failed  to  produce  a  rise  of  blood 
pressure  in  the  rabbit. 

5.  It  is  believed  that  the  active  eSFects  displayed  by  extracts  of  the 
pars  tuberalis  are  due  to  an  inclusion  of  some  of  the  neural  stalk  sub- 
stance during  the  preparation  of  the  extract.  It  would  seem  im- 
probable that  the  pars  tuberalis  is  responsible  for  the  origin  of  ac> 
tive  principles  which  increase  uterine  contraction  or  raise  the  blood 
pressure. 

6.  An  extract  of  the  pure  pars  intermedia  of  the  ox  is  capable  of  pro- 
ducing a  strong  pressor  effect  when  injected  intravenousiy  into  the  dog. 
In  this  we  confirm  the  observations  of  Lewis,  Miller  and  Matthews  and 
of  Biedl.  We  are  able  to  add  that  an  extract  of  pure  pars  intermedia 
representing  5  mgm  of  the  fresh  gland  substance  produces  a  distinct 
rise  of  blood  pressure  in  the  rabbit. 

7.  An  extract  of  the  pure  neural  stalk  is  fairly  powerful  in  producing 
a  rise  of  blood  pressure  in  the  dog.  This  removes  one  objection  to  the 
possibility  that  the  secretion  of  the  pars  intermedia  passes  into  the 
neural  lobe  and  then,  eia  the  neural  stalk,  into  the  third  ventricle. 
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It  is  well  known  that  small  quantities  of  quinine  produce  in  man  and 
mammala  a  marked  change  in  the  metabolism  of  the  nitrogmous  con- 
stituents of  the  tissues.  An  early  increase  of  nitrogenous  bodies  found 
in  the  urine  is  soon  followed  by  a  prolonged  period  of  markedly  dimin- 
ished amounts  of  these  substances,  especially  urea  and  uiic  acid.  That 
nttrogenoiu  food  is  not  dissipated  so  rapidly  but  is  stored  in  the  body 
in  some  form,  was  shown  by  v.  Noorden  (1)  in  individuals  kept  under 
constant  diet.  In  these  cases  the  absorption  of  nitix^n  was  unchanged, 
its  excretion  was  diminished  and  the  diminution  was  continued  for 
two  or  more  days  after  the  dosage  with  quinine  was  stopped.  Our 
knowledge  of  the  effect  of  quinine  on  the  oxidation  of  the  tissues  includes 
some  observations  which  are  not  easily  harmonized.  It  has  been  stated 
that  in  relatively  undifferentiated  protoplasm — in  the  simpler  protozoa 
(2)  and  in  the  ovUm  (3)  of  echinoderms — quinine  retards  oxidation. 
On  these  same  forms,  however,  quinine  was  rect^nized  as  a  general 
protoplasmic  poison  and  it  seems  to  us  probable  that  the  observed  re- 
duction of  the  oxidations  was  essentially  a  phase  of  the  poisoning  by 
the  drug.  In  the  differentiated  tissues  of  the  healthy  human  adult, 
where  the  methods  of  measuring  the  rate  of  oxidation  have  been  much 
more  adequate,  the  results  have  shown  that  there  is  no  diminution  of 
oxygen  consumption  and  no  decrease  in  the  output  of  carbon  dioxide 
under  quinine. 

Conditions  present  in  birds  offer  unusual  advantages  for  first,  a 
study  of  the  nitrogen  conserving  action  of  quinine  in  the  case  of  a  gland 
(the  oviduct  or  uterus)  whose  sole  product  or  secretion  (egg  albumen),  in 
so  far  as  the  egg  is  concerned,  is  almost  exclusively  protein;  seccmd,  the 
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similar  action  of  quinine  on  the  utilisation  of  nitrogen  in  the  laat  and 
rapid  stages  of  growth  of  the  ovum  (yolk) ;  third,  the  poesibilitieB  of 
testing  the  developmental  capacities  of  such  modified  ova.  Concern- 
ing the  latter  it  may  be  said  that  the  ova  of  pure  species  of  doves  and 
pigeoDB  have  been  found  by  one  of  us  (4)  to  show  two  kinds  of  eggs 
in  respect  of  their  metabolic  and  size  differences  and  that  t^ese  two 
levels  of  metabolism  (which  involve  siee  as  one  known  differential) 
have  been  correlated  eaidi  with  a  different  s^  of  the  prospective 
individuals  which  are  developed  from  these  two  kinds  of  eggi. 

Hie  present  paper  is  concerned  partly  with  the  effects  of  the'  quinine  on 
the  utilization  of  protein  by  the  oviduct  and  the  ovum  and  partly  with 
a  demonstratios  of  a  definite  change  in  the  siee  of  Uie  ova  developed 
under  quinine.  These  ova  (yolks)  are  smaller.  The  sex  data  derived 
from  the  incubated  eggs  of  birds  dosed  precisely  as  were  those  of  this 
series  are  being  accumulated.  Those  data  must,  however,  be  consid- 
ered in  a  later  publication.  Besides  showing  a  decreased  sine  of  the 
ova,  which  decrease  continues  for  several  days  after  the  dosage  is  dis- 
continued, the  data  bbrewitb  given  supply  evidence  that  quinine  causes 
a  reduction  from  the  expected  or  normal  amounts  of  e^  albumen 
(white  of  egg) .  It  is  highly  probable  that  after  a  few  weeks  the  amoimt 
of  ^bumen  secreted  is  increased  considerably  beyond  the  normal,  cer- 
tainly more  than  was  present  in  the  pre-dosing  pericxl. 

MATEKUL  AND  MBTHOD 

The  birds  used  were  all  blond  or  white  ring-doves  {Sireptopelia  risoria, 
St-  aJba)  or  hybrids  of  these  two  forma .  Only  freely  laying  females, 
which  with  their  male  mates  occupied  seitarate  pens,  were  dosed.  Qui- 
nine sulfate  in  gelatin  coated  pills  was  used.  The  siae  of  the  dose  was 
i  grain  at  first  and  J  grain  later.  The  date  of  change  of  dosage  was 
April  6  except  when  otherwise  indicated  in  the  tabulated  records. 
Th^e  amounts  w^re  given  twice  daily,  at  about  9.00  a.m.and6.00  pjn., 
except  for  a  period  of  four  i^ys  following  the  laying  of  the  first  egg  of 
each  pair  of  eggs.  It  was  thought  best  not  to  handle  or  disturb  the 
females  at  a  time  when  this  might  cause  the  eggs  to  be  broken  or  when 
the  beginning  of  growth  of  the  succeeding  pair  of  yolks  might  be  pre- 
vented. A  pair  or  clutch  of  eggs  was  obtained  each  eight  or  ten  dajrs 
from  most  of  the  birds. 

These  relatively  tame  doves  could  practically  always  be  lifted  frcMH 
their  perches  and  the  pellet  dropped  into  the  back  of  the  mouth  without 
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arousing  special  stni^le  or  excitement.  As  a  control,  however,  for  ihe 
posaible  effect  of  handling,  six  of  the  eleven  dosed  birds  were  cauf^t  and 
blaitk-dosed  twice  daily  from  the  time  of  the  last  dosage  with  quinine 
till  June  16.  The  birds  thus  blank-dosed  gave  results  wholly  similar 
to  those  not  thus  treated.  The  effects  observed  are  certainly  Uierefore 
the  effects  of  the  quinine. 

All  eggs  were  examined  as  soon  as  laid — within  five  minutes  to  three 
hours  of  laying.  The  fresh  eggs  from  the  quininized  biids  were  weighed 
and  then  steamed  for  e^ht  minutes  to  coagulate  the  yolk  and  the  al- 
bumen. The  yolks  were  then  immediately  freed  and  weighed.  The 
albumen  was  not  separately  weighed  for  the  reason  that  this  waters 
rich  substance  cannot  be  separated  from  both  shell  and  yolk  without 
an  inaccuracy  caused  by  the  evaporation  of  water.  Since  the  amount 
of  shell  is  a  relatively  constant*  and  small  proportion  of  the  total  weight, 
and  showed  no  obvious  variation  in  dosed*  and  not-dosed  e^a,  such 
separate  weighing  of  the  albumen  is  not  necessary  to  a  danonstration 
of  the  large  differences  observed. 

Twelve  yolka  obtained  from  quininized  doves  were  burned  in  a  bomb 
calorimeter.  The  yolks  which  serve  as  a  control  for  those  twelve  de- 
terminations were  not  obtained  from  the  same  birds,  but  from  other 
untreated  birds  of  sunilar  origin  and  laid  at  a  similar  season  of  the  year. 

PRESENTATION  OF  DATA 

The  chai^^  in  egg  size  and  yolk  size  due  to  quinine  in  all  of  the 
treated  birds  are  indicated  in  tables  1  and  2.  The  weight  averages  of 
the  six  to  eight  ^jgs  and  yolks  which  inomediately  preceded  those  pro- 
duced under  dosage  are  given  for  each  bird.  Similarly  the  average 
weight  of  the  entire  group  of  eggs  produced  under  dosage  is  next  given. 
This  group  shows  a  pronounced  decrease  in  e^  size  and  yolk  size  in  all 
of  the  treated  birds.  The  first  egg  or  pair  of  eggs  produced  after  the 
quinine  dosf^e  was  discontinued  shows  a  further  reduction  of  egg  size 
in  one-half  of  the  group;  for  yolk  size  this  further  reduction  occurred  in 

■  The  smaller  the  egg  the  greater  the  proportion  of  shell  in  relation  to  total 
egg  aize.  This  meaaB  that  the  amount  of  albumen  in  the  smaller  quininized  eggs 
is  even  leas  than  is  indicated  by  the  comparisons  later  to  be  made  of  yolk  eiie 
with  total  egg  aize. 

'  Among  the  eggs  laid  by  some  of  these  birds  several  weeks  after  the  dosing 
was  discontinued  a  probably  unusual  number  of  eggs  with  weak  or  imperfect 
shells  has  been  found.  It  is  yet  too  early  to  be  sure  that  thi«  waa  a  rMult  of  the 
previous  treatment  with  quinine. 
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erery  case.  Following  this  pair  of  eggs,  however,  the  data  show  a 
progreseive  increase  in  egg  size  and  in  yolk  size.  At  six  to  seven  weeks 
after  treatment  was  discontinued  the  normal  e^^  size  was  exceeded  in 
six  birds  and  was  not  yet  attained  in  four  birds ;  for  one  bird  the  data 


The  effect  of  quimTie  gidfale  o 

Ft  egg  tize  and  yolk  tttze 

n  ring-doat* 

HCUBBI 

Fiuona 

^Tiai^oi 

wian 

DHBillOM  or  DDUal 

"ISS'.''" 

»r-«Bor 

"'«• 

Eu, 

Y<dk. 

Before 

8.414 

1.869 

DuriQB 

7.7/1 

l.$t7 

1S2 

February  16  to  April  30.    .  ' 

First  after 

7.936 

1.647 

LaUr 

8.449 

1.591 

Lut 

8.421 

1,733 

Before 

8.419 

1.SS2 

During 

10 

7.m 

t.eio 

A347 

February  19  to  April  30. . . 

First  after 

6.572 

1.349 

Later 

6.934 

1.693 

Last 

7.426 

1.730 

Before 

8,415 

2.112 

During 

7.ff7fl 

am 

eo3 

February  23  to  April  30. . . 

Firat  after 

2 

8.200 

1.961 

Later 

8.388 

1. 899 

Last 

8.852 

1.918 

Before 

8.198 

I.SS4 

During 

24 

April  S  to  April  30 

First  after 

7,563 

1,358 

1 

Later 

7,985 

1.5H 

1 

Laet 

7.987 

1.667 

Before 

9.073 

1.982 

During 

a.ies 

t.7S4 

962 

April  6  to  April- 30 

Firat  after 

7,739 

1.617 

Later 

8.628 

1.701 

Last 

8.841 

1.S44 

are  misaing,  since  this  bird  produced  no  ^gs  after  the  treatment  was 
stopped.  The  normal  yolk  size  at  six  or  seven  weeks  had  not,  however, 
been  attained  in  any  instance.  The  data  are  available  to  the  tentii 
week  and  the  results  are  the  same.     In  most  cases  the  yolks  still  re- 
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TABLE  J 

The  effect  of  qxUniw  rdJaU  on  «fw  «t«  aiui  yolk  nu  tn  rino-dovti 

Miwan 

rniDD* 

AvnAS 

wmoT 

PoaiTioH  BT  DC»t.am 

PDuaa 

■oaa 

■"" 

En* 

Ytdlu 

Before 

8.711 

2.077 

Am 

February  14  to  April  30. . . 

During 
First  after 

7.SSi 
7.168 

1.811 
1.S60 

Later 

8.012 

1.766 

Before 

7.411 

1.781 

During 

e.7U 

1.S67 

EtfO 

F6bnj*ry  Ifl  to  April  30. . . 

First  after 

6.270 

1.253 

Later 

7.361 

1.436 

Last 

7.786 

1.634 

Before 

8.934 

2.109 

During 

7.180 

i-m 

A22 

Mitrah  23  to  AprU  29 

First  after 

7.504 

1.613 

Later 

9.078 

1.958 

Lost 

9.267 

1.961 

Before 

8.417 

1.901 

During 

8.009 

i.7es 

ElOS 

AprU  6  to  April  30 

First  after 

7.807 

1.617 

Later 

8.486 

1.72S 

Laat 

8.977 

1.833 

BfiOS 

AprU  S  to  April  30 | 

Before 
During 

8.561 

7..W; 

1.733 
1.SS9* 

Before 

8.053 

2.097 

During 

7.190 

1.7IS 

E97 

AprU  8  to  April  30 

First  after 

7. 469 

1.422 

Later 

7.806 

1.637 

Laat 

8.093 

1.743 

"  No  later  eggs  to  July  7. 

mained  muoh  below  normal  Bize.  The  occurrence  of  excess  of  total  egg 
size  accoompanied  by  deficient  yolk  size  in  this  post-treatment  period  is 
practically  concluBive  evidence  for  an  excessive  or  supemoTmal  pro- 
duction of  egg  albumen  in  this  period. 

The  individual  e^  weights  and  yolk  weights  for  the  several  above- 
mentioned  periods,' as  related  to  dosage,  are  given  for  four  of  the  eleven 
birds  in  the  left-hand  columns  of  tables  8  and  4.    It  can  there  be  seen 
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TABLE) 
DelMUd  record*  of  tgg  lite  vnd  yolk  mm  wider  dotage  mth  qatnint.  Alto  (Aow- 
tag  that  in  yolkt  of  comparabU  tixe  from  the  tame  bird  the  doted  yolkt  {columnt 
i,  5)  are  attoeiated  with  tirutUer  amountt  of  Mumen  {+  thell)  than  the  earlier 
]folkt  (not  dated,  eolumnt  9,  7).  For  yolke  produced  lonf)  afi*r  doeagt  (rotM 
detifnaUd  "Later")  the  above  rule  it  probably  reverted. 


During  (February  15  to  April 

30) 


During  (February  23  to  April 
30) 


1.578 
1.768 
1.3ie* 


8.040 
8.110 

7.530 
8.070 
7.070 


8,110 
7.070 
8.110 

8.035 
7.368 
8,140 
7.950 
8. 216 
8.662 
8.430 
8  140 


7.663 
7.950 
9,022 

7.740 
7.740 
8.140 


*  First  egg  produced  after  increaaing  the  dose  of  quinine. 

t  Dateaappty  only  totbe  eggs  whose  weights  are  giveu  in  the  adjoiningcotumn. 
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DetaiUd  rficordt  of  egg  size  and  t/olk  lite  under  dotage  with  quinine.  Also  shooing 
that  in  j/olka  of  comparable  size  from  the  taTtie  bird  the  doted  yolks  (colunms 
4,  S)  are  lusoeiaUd  with  smaUer  amcunts  of  albumen  (+  shdl)  than  the  earlier 
yolks  (.not  doted,  columns  8,  7).  For  yolks  produced  long  after  doeage  {rows 
designated  "Later")  tfte  about  ride  is  probcAly  reversed. 


KDUBBa 

.»„™..,„.„.„»-„. 

^'VU 

TOLi  waionrn 

^ 

™"" 

.wuon 

Dawd 

^ 

wmoBT 

2/28 

6.860 

1.720 

1.702 

7.864 

3/2 

7.143 

1.625 

1.633 

7.652 

3/13 

7.677 

1,741 

1.745 

7.748 

3/16 

7.863 

1.795 

1.776 

8.240 

During  (F«bruftry  19  to  April 

3/22 

7.298 

1.616 

1.639 

7.716 

30) 

3/24 
3/31 

7.960 
6.918 

1.868 
1.415 

1.860 

8. 440 

4/2 

7. 708 

1.722 

1.728 

8.692 

4/9 

7.096' 

1.618* 

1.639 

7.715 

4/U 

6.828 

1.567 

1.660 

7,642 

A347 

Pirat  »fter ' 

6/18 

6/18 

6.269 
6,886 

1.314 
1.385 

6/26 

6.999 

1.475 

1.480 

7.480 

5/28 

7,656 

1.701 

1.702 

7.864 

6/6 

6.646 

1,615 

1.633 

8.766 

L»t«r 

fl/8 

6.636 

1.680 

1.4B8 

7.380 

6/25 

6.965 

1.565 

1.660 

7.642 

6/27 

7.895 

(1.870) 

1.850 

8.440 

7/4 

7.357 

1.600 

1.660 

7.642 

7/6 

7.684 

1.886 

1.885 

8.060 

4/7 

8.835* 

1.872* 

1.877 

8,068 

4/9 

8.165 

1.938 

1.964 

9.183 

During  (April  5  to  April  30)  . . . 

4/16 

8.038 

1.708 

1.771 

8.800 

4/18 

7.640 

1.866 

1,877 

8.068 

4/26 

7.890 

1.680 

1.589 

8,400 

4/27 

7.688 

1.625 

1.620 

8,277 

E106 

First  aft«r 

6/4 

6/6 

7.630 
8.083 

1.488 
1.746 

1.608 
1.778 

8.025 

8.172 

5/12 

8.416 

1.623 

1.620 

8.277 

5/14 

8.773 

X.796 

1.795 

8.820 

5/20 

8.470 

1.680 

1.696 

S.365 

6/22 

8.805 

1.930 

1.964 

9.183 

Later 

5/28 
6/30 

7?896 
8-560 

1.650 
1.772 

1.684 
1.771 

7.900 

8,800 

6/5 

8.490 

1.678 

1.696 

8,366 

6/7 

8.902 

1.902 

1.890 

8.786 

6/13 

8.996 

1.816 

1.842 

8.885 

6/15 

9.070 

1.954 

1.954 

9.183 

*  First  egg  produced  after  the  larger  dose  of  quinine. 

t  Dfttee  apply  oaly  to  the  eggs  whose  weights  are  givea  in  the  adjoining  column. 
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tiiAt  the  b^pnning  of  the  heavier  dos&ge  was  followed  by  a  further 
distinct  decrease  of  egg  aize  and  of  yolk  eixe.  It  is  thought  unnecessary 
to  present  the  ooiresponding  data  for  the  remaining  seven  birds  since 
tiieee  data  for  all  of  the  eleven  birds  are  essentially  similar. 

The  last  two  columns  of  tables  3  and  4  have  been  added  in  order  to 
demonstrate  that  the  yolks  produced  during  dosage  with  quinine  were- 
not  provided  with  the  usual  or  nonnal  amounts  of  egg  albumen.  The 
following  explanation  is  necessary  to  an  examination  of  these  data. 
Nonnally,  there  is  of  course,  a  high  correlation  between  the  size  of 
the  yolk  and  the  total  size  of  the  e^.  Usually,  though  not  always, 
the  largest  eggs  contain  the  largest  yolks.  The  reason  for  this  rule  lies 
in  the  fact  that  the  stimulus  to  albumen  secretion  is  a  contact  stimulus 
and  only  that  portion  of  the  gland  (oviduct)  is  active  which  is  in  con- 
tact with  the  passing  object.  The  time  of  passage  is  the  same  for  a 
small  as  for  a  large  object.'  The  smaller  object  therefore  secures  a 
smaller  quantity  of  egg  albumen.  Nevertheless,  two  different  birds 
do  not  always  supply  equivalent  amounts  to  yolks  of  the  same  dse ;  nor 
does  the  same  bird,  irrespective  of  season,  ^;e  and  oUter  conditions, 
provide  uniform  quantities  of  albumen  for  yolks  of  equivalent  sise. 
In  order  to  make  comparisons  of  the  amount  secreted  under  quinine 
with  the  normal,  the  best  that  can  be  done  is  to  utilize  other  ef^  laid 
by  the  same  bird.*  In  tables  3  and  4,  opposite  the  weight  of  each 
"treated"  yolk,  we  have  therefore  placed  the  weight  of  that  "nonnal" 
yolk  which,  of  all  the  yolks  previously  laid  by  the  bird,  is  most  nearly 
equal  in  size.  The  total  e^  weights  of  the  two  ^gs  which  bore  tiieee 
two  yolks  can  then  be  compared  in  appropriate  columns  of  the  tables. 

As  was  stated  above,  the  tabulated  data  indicate  that  the  yolks  pro- 
duced under  quinine  did  not  obtain  the  normal  quantity  of  egg  abiunen. 
Whether  there  was  an  actual  reduction  of  the  nitrogm  present  is  not 
definitely  shown  by  our  data  since  it  is  conceivable,  even  tltougb  not 
at  all  probable,  that  the  reduction  occurred  only  or  chiefly  in  the  amount 
of  water  present  in  the  albumen.  Such  an  alternative  assumption  is 
made  still  less  probable  by  the  data,  next  to  be  mentioned,  obtained  by 
calorimetry  of  the  yolks  of  the  quinine  series.  The  energy  values  ob- 
tained from  those  yolks  supply  evidence  that  the  character  of  the 
yolks  was  left  unchanged.     It  is  hoped,  however,  that  direct  determina- 

■  Tbwe  facts  kpplr  alao  to  the  ■hell-Morating  portion  of  tha  ovldnat. 
*  In  tables  1  and  2  the  average  egg  aise  and  yolk  siie  of  the  eggi  laid  inunedi* 
ately  preceding  the  beginning  of  dosage  were  used  tor  a  rimilar  porpoeo- 
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tions  can  later  be  made  of  the  relative  amounto  of  nitrogen  in  the  nor- 
mal albumen  and  in  that  produced  under  quinioe. 

Twelve  yolka  obtained  from  three  of  the  quinine-fed  doves  were 
burned  in  the  bomb  calorimeter.  When  the  values  obtained  from 
these  eggs  (table  5)  are  C(»npared  with  those  obtained  from  yolks  pro- 
duced by  similar  untreated  females  at  a  corresponding  time  of  the  year 


aelivtlu  dosed  mlh  quinine  lidfaU 

tgg-VOlk»  f 

(mfemait* 

-,^» 

.™. 

„^;!,. 

^„- 

°'™Sl?r'" 

™i^" 

UKAiaiioan 

A174    ' 

Bl 
B2 
CI 

C2 

3/19/18 
3/21/18 
3/31/18 
V  2/18 

6,340 
6,226 
6,158 
6,615 

s,4" 
s,iS4 

3,462 
3,487 
3,516 
3,485 

3,447 
3,452 
3,373 
3,422 

A347 

CI 
C2 
Dl 
D2 

3/22/18 
3/24/18 
3/31/18 
4/  2/18 

6,100 
6,321 
4,710 
5,«64 

a.3$6 

S,3«» 

3,362 
3,411 
3,262 
3,344 

8,388 
3,392 
3,348 
3,392 

1S2 

CI 
C2 
Dl 
D2 

3/21/18 
3/23/18 
4/  1/18 
4/  3/18 

6,661 
6,393 
5,666 
6,333 

s,5n 

S,580 

3,367 
3,542 
3,479 
3,721 

3,406 
3,414 
3,416 
3,404 

*  Birds  of  Bunilftr  origin  and  eggs  taken  from  aa  nearly  as  possible  similar  datee. 
The  two  columns  under  this  headiiiK  l>ear  values  derived  from  yolks  of  different 
females. 

it  is  found  that  the  heat  values  are  unchanged  from  Uie  nonnal.  This 
is  good  evidence  that  the  relation  of  proteins  to  lipoids*  in  the  y<^ 
insa  quininized  birds  was  unchanged. 

niscuasiON 

One  situation  presented  by  these  data  requires  additional  comment. 
It  has  been  shown  that  after  discontinuance  of  dosage  with  quinine  the 
production  of  egg  albumen  quickly  rose  to  and  above  normal,  while 
yolk  production,  after  ten  weeks,  was  still  below  normal.     The  facts 

'  The  energy  valuee  of  yolk  proteins  and  lipoids  have  been  shown  by  one  of 
na  (Riddle,  unpublished  work)  to  bear  to  each  other  the  ratio  S497  :  9020. 
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next  to  be  inoitioned  would  seem  to  make  clear  the  reason  for  this 
result. 

Like  most  tissues  of  the  body  the  oviduct,  flushed  freely  with  an  abun- 
dant secretion  of  egg  albumen  at  the  time  of  passage  of  every  ^g,  rida 
itself  within  a  few  days  of  any  trace  of  quinine  remaining  after  dosage. 
The  reverse  is  true  for  the  ovum.  It  is  practically  certain  that  quinine 
is  absorbed  by  the.yolk.  Quinine  is  not  oxidized  or  is  oxidized  only  to 
a  very  limited  extent  in  the  body  and  it  is  probable  that  the  ovum  has 
even  less  power  than  other  tissues  to  oxidize  it.  The  long  series  of 
smaller  slow-growing  ova,  described  in  No.  I  of  this  series  of  papers  (5) , 
therefore  absorb  and  continue  to  bold  quioine  within  them;  and  this 
absorption  and  storage  must  be  greatest  for  the  largest  of  these  ova 
and  progressively  less  for  the  smaller  members  of  the  series. 

Bearing  in  mind  that  the  ova  of  the  aeries  just  mentioned  are  liber- 
etcd  from  the  ovary  in  the  order  of  their  size  it  is  clear  that  the  most 
heavily  dosed  of  these  eggs  were  laid  earUest  after  dosage  and  that  the 
yolks  with  progressively  less  absorbed  quinine' form  the  series  of  yolks 
of  prt^ressively  increasing  size  as  found  in  the  post^treatment  period. 
These  facts  also  supply  the  reason  for  the  first  clutch  of  eggs  laid  after 
dofi^e  containing,  in  nine  of  the  ten  cases,  a  smaller  yolk  than  was 
found  in  any  egg  from  the  dosing  period;  for,  this  pair  of  eggs  had  been 
dosed  for  a  longer  period  than  had  the  preceding  pair  and  some  qui- 
nine was  probably  still  to  be  obtained  from  the  blood  while  this  pair 
(but  not  the  stiU  later  pairs)  was  underling  the  short  final  period  (four 
to  five  days)  of  rapid  growth. 

It  thus  seems  probable  that  the  presence  of  quinine  accounts  con- 
sistently for  the  observed  fluctuations  in  egg  albumen  production  and 
for  yolk  size.  If — as  partly  noted  in  the  introductory  of  this  paper — 
-  earlier  studies  on  the  effects  of  quinine  are  correctly  interpreted  as  ef- 
fects on  the  nitrogen  metabolism  rather  than  on  oxidation  in  general, 
the  reduction  of  yolk  size  in  the  present  series  of  ring-doves  would 
then  seem  to  have  been  accomplished  not  by  a  raising  or  lowering  of 
the  general  metabolism  but  by  modification  of  only  a  part  of  it.  Prob- 
ably modifications  thus  limited  in  their  scope  do  not  provide  much 
hope  of  being  perpetuated  in  the  developmaitat  capacities  of  the  oigan- 
isms  which  may  arise  from  these  germs;  and  such  modifications  are 
apparently  not  of  the  sort  which  might  be  expected,  from  the  results  of 
our  earher  studies,  to  effect  a  modification  of  sex. 

The  observed  effects  of  quinine  on  the  activity  of  the  oviduct  are 
fully  consonant  with  previous  observations  on  the  nitrc^en  conserving 
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action  of  the  drug.  We  are  inclined  to  interpret  the  effects  observed 
in  the  ovum  (yolk)  in  essentially  the  same  way.  The  presenoe  of 
quinine  places  a  check  upon  the  usual  or  characteristic  transformation 
of  the  nitrogenous  compounds  in  the  ova.  The  actual  size  attained 
by  the  latter  is,  in  these  cases,  probably  a  resultant  of  Testrietions 
placed  upon  the  utilization  of  nitrogenous  substances  only. 

CONCLUSIONS 

When  small  doses  of  quinine  sulfate  are  fed  to  laying  ring-doves  the 
yolk  size  and  total  site  of  the  e^s  produced  are  much  decreased. 

The  reduction  of  total  size  is  partially  to  be  accounted  for  by  the 
reduced  size  of  the  included  yolks.  There  is,  however,  a  clearly 
demonstrated  additional  and  abnormal  decrease  in  the  amount  of  ^g 
albumen  produced  under  quinine. 

These  effects  of  quinine  on  yolk  size  are  continued  for  at  least  several 
weeks  after  the  dosage  is  discontinued.  In  the  course  of  a  few  days  or 
weeks,  however,  the  eggs  from  treated  birds  contain  abnormally  large 
amounts  of  albumen.  Ten  weeks  after  dosage  the  yolks  (ova)  approxi- 
mate but  do  not  attain  their  normal  size. 

The  relative  proportion  of  protein  to  lipoid  which  enters  into  the 
composition  of  the  smaller  yolks  produced  under  quinine  is  probably 
unchanged. 

The  known  tendency  of  quinine  to  reduce  the  destruction  of  the 
nitrogenous  components  of  the  tissues,  as  measured  by  the  recovery  of 
nitrogen  in  the  urine,  is  found  to  apply  to  the  secretory  activity  of  a 
gland  (oviduct)  whose  product  is  entirely  of  protein  nature. 

It  seems  probable  that  the  observed  effects  of  quinine  on  the  ova 
(yolks)  should  be  similarly  interpreted.  The  reductions  and  fluctua- 
tions in  size  of  the  ova  are  consonant  with  the  view  that,  in  these  cases, 
the  size  attained  is  governed  by  restrictions  placed  upon  the  protein 
metabolism  rather  than  upon  the  general  metaboUsm. 
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INTRODnCTOHT 

The  results  described  in  this  paper  are  a  contribution  to  the  following 
subjects:  a,  The  mechanism  of  melanogenefiifi;  b,  the  conditions  neces- 
sary for  post-mortem  pigment  formation;  and  c,  the  rdle  of  the  hypo- 
thetical "genetic  factors"  in  the  inheritance  of  color. 

These  studies  are  based  on  the  embryonic  tissues  of  white  ring-doves 
or  of  later  generations  of  "extracted"  whites  from  croasee  with  blond 
ring-doves.  These  birds  have  pigmented  iridea  and  non-pigmented 
retinas  and  choroids  and  their  pigmentless  choroid,  skin  and  (approxi- 
mately pigmentlese)  feathers  separate  them  {Streptopelia  alba)  geneti- 
cally from  the  next  least  pigmented  species  {SLrisoria)  of  the  genus. 
The  following  brief  statement  of  the  new  facts  obtained  on  the  three 
above-mentioned  subjects  may  be  made  in  advance  of  a  detailed  con- 
sideration of  the  data: 

o.  A  tissue  which  in  normal  living  conditions  can  form  no  melanin 
pigment  is  shown  to  be  capable  of  melanin  formation  under  other  condi- 
tions; the  present  known  means  of  the  attainment  of  these  conditions 
involve  the  death  of  the  tissue  and  a  considerable  poet-mortem  period. 
A  certain  grade  or  degreeof  tissue  differentiation  must  have  been  attained 
b^ore  postHnortem  melanin  formation  can  occur.  In  the  embryonic 
tissues  studied  by  us  the  retma  must  have  proceeded  to  a  full  3-day 
stage*  before  such  pigment  can  be  made  to  form.  It  is  of  interest  there- 
fore that  in  the  nearest  related  species — the  blcmd  ring-dove  (St.  riaoria) 
— the  pigment  b^ns  to  form  at  this  same  time.    This  embryonic  tissue 

'  The  3-day  dove  embryo  is  approximately  equal  in  deTelopment  to.  n  4-day 
ehick  embryo. 
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retainB  its  power  to  form  pigment  post-mortem  from  the  3-day  stage 
to  at  least  the  12-day  stage  of  development.  At  the  hstching  stage 
(15-day  embryo)  the  pigment  apparently  does  not  fonn  at  moderate 
temperatures  and  without  excess  of  oxygen.  Higher  temperatures 
with  excess  of  oxygen  have  not  been  tried  on  these  later  stages. 

b.  Free  oxygen  is  necessary  for  a  postr-mortem  formation  of  melanin 
pigment.  This  pigment  does  not  form  in  an  atmosphere  of  COi.  The 
pigment  will  form  in  a  tissue  killed  in  HgCli.     It  has  failed  to  form  in 

-  tissues  first  subjected  to  a  temperature  of  IOO°C. 

c.  Current  theories  of  the  inheritance  of  color,  assume  that  these 
white  animals — almost  complete  albinos — and  white  hybrids  generally 
fail  to  produce  color  because  discreet,  segregable,  germinal  bases,  called 
"color  factors,"  fail  to  gain  admittance  into  the  germs  which  gave  rise 
to  them.  Under  this  hypothesis  the  retina  and  choroid  of  these  white 
ring-doves  are  and  must  be  pigmentless  because  some  of  the  necessary 
B^regable  germinal  units  are  "absent"  in  the  developed  tissues.  A 
modification  of  this  hypothesis  permits  the  assumption  that  the  neces- 
sary factors  may  be  present  but  are  inactivated  by  the  presence  of 
other  segregable  germinal  units  designated  "inhibitors."  The  present 
results  demonstrate  that  under  changed  environmental  conditions  or 
under  another  grade  or  level  of  conditions,  the  tissue  bears  all  that  is 
necessary  for  pigment  formation.  One  needs  to  supply  no  new  hereditary 
unit  nor  extirpate  an  inhibitor  to  obtain  an  abundant  supply  of  melanin 
pigment.  The  differences  involved  reveal  themselves  therefore  in  quan- 
titative rather  than  in  quaUtative  terms.  The  results  thus  offer  con- 
firmation of  the  view  of  melanin  pigment  formation  and  inheritance 
which  was  advanced  by  Riddle  (1)  in  1909.    . 

CONSIDERATION   DF  PKETIOUS   WORK 

Bourquelot  (2)  and  Bertrand  (3)  found  that  in  dead  or  dying  mush- 
rooms there  arises  a  dark  color  which  is  due  to  the  action  of  an  oxidase 
upon  an  aromatic  substance  contained  in  the  tissue.  This  was  the 
first  established  important  fact  concerning  post^nortem  pigment  for- 
mation; at  the  same  time  it  has  supplied  the  basis  for  pratically  all 
later  work  on  the  mechanism  of  pigment  formation  in  living  animals 
and  plants.  Nearly  all  of  the  later  work  has  dealt  with  pigment  fonna- 
tion  in  the  hving  organism  or  (chemical  studies)  m  vitro.  So  far  as 
known  to  us,  only  the  few  studies  made  in  Meirowsky's  laboratory  have 
considered  the  formation  of  melanin  pigment  in  animal  tissues  after 
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death.  Those  studies,  however,  furnish  important  infoimation  on  the 
subject.  The  first  of  these  publications  appeared  in  1908.  For  the 
purposes  of  the  present  paper  only  the  following  brief  statement  con- 
cerning the  results  Obtained  in  this  earlier  work  need  be  made. 

Meirowsky  (4)  first  d^nonstrated  that  melanin  pigment  is  formed 
after  death  a,  in  human  skin  from  various  portions  of  the  body  and  in 
scar  tissue;  b,  in  the  embryonic  epidermis  of  the  cat,  pig  and  dog.* 
Concerning  the  mechanism  of  postmortem  pigment  formation  Meirow- 
sky showed  a,  that  the  first  appearance  of  such  pigment  requires  a  con- 
siderable period  of  time;*6,at  SC^C.  the  pigment  was  produced  in  human 
akin  in  about  one^alf  the  time  required  for  its  production  when  kept 
at  36''C.;  c,  the  pigment  was  formed  in  pieces  of  skin  that  had  been 
subjected  to  "boiling"  in  water.  Meirowsky  favored  the  view  that  the 
melanin  production  is  brought  about  by  enzyme  action. 

The  above  studies  were  continued  by  Kdnigstein  (5)  who  more  care- 
fully studied  the  conditions  under  which  post-mortem  pigment  forma- 
tion occurs.  It  was  found  a,  that  pieces  of  skin  immersed  in  physio- 
logical salt  solution  do  not  "blacken"  at  a  temperature  of  37°C.;  b, 
pieces  of  boiled  skin  and  skin  fixed  in  1  per  cent  sublimate  or  10  per  cent 
formalin,  when  dried  in  Petri  dishes  and  placed  for  "several  hours" 
at  56°C.,  become  "coal  black;"  c,  the  "drier  the  preparation  and  the 
higher  the  temperature,  the  greater  is  the  degree  of  pigmentation." 
Konigstcin  speaks  against  a  pure  "ferment"  theory  being  able  to  ac- 
count for  the  results  and  cites  the  probable  destruction  of  the  enaymes 
by  boiling. 

Two  further  results  of  Konigstein's  study  will  be  specially  noted 
and  a  word  of  discussion  added,  d,  It  was  found  that  pieces  of  skin 
Ixflled  in  alcohol  or  ether  would  form  the  pigment  but  pieces  boiled 
in  acetone  would  not  (except  when  later  heated  in  soda  solution). 
Since  alcohol  and  ether  dissolve  lipoids  and  acetone  precipitates  them, 
Konigstein  inclines  to  the  conclusion  that  the  lipoids  stand  in  a  close 
relation  to  the  formation  of  the  pigment.    We  may  remark  that  this 

*  The  title  of  Meirowaky's  paper  indioates  obeervations  on  pigment  formfttioit 
in  the  eye  as  well  aa  the  akin,  but  po»t-moTtem  pigment  formatioa  teems  not  to 
have  been  observed  in  the  eye.  His  study  was,  in  fact  ooneerned  less  with  the 
maohanism  of  pigment  formation,  post-mortem  or  otherwise,  than  with  other  ques- 
tions; among  these,  the  origin  of  pigment  independently  of  melanoblasts  (chro- 
matophoraa),  the  migration  of  melonoblaets,  the  source  and  mother  Bubstanoe  of 
melftnin,  etc. 

*  Less  time  was  required  in  two  cases:  Skin  from  a  patient  dead  of  Addison's 
diseMe  and  pieces  of  skin  which  before  death  were  subjeotad  to  BAentgen  rays. 
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is  not  a  necessary  inference  from  the  data  and  that  the  facts  now  known 
concenung  the  chromogens  necessary  for  melanin  formation  attest 
the  much  greater  importance  of  certain  constituents  of  protein,  e, 
Finally,  the  rdle  of  oxidation  and  reduction  was  partially  investigated 
with  essentially  negative  results.  In  view  of  the  results  M  the  present 
writers  the  following  statement  is  of  interest: 

Urn  Eu  ermitteln  ob  ein  oxydation  prozesB  die  Pigm«ntbilduag  beganitigt 
wurden  Eautatilche  durch  4S  Stunden  hindurch  in  geschlosBenen  Kolben  in  je 
eiDerCOiO,or  H,  Atmosphere  aiuigeseti  ohne  due  jedochin  einem  derS  Venuclia 
eine  Ver&nderung  lu  bemerken  war. 

Our  data  demonstrate  that,  at  least  for  the  tissues  studied  by  us, 
forty-ei^t  hours  is  not  time  enou^  to  obtain  the  pigmentation;  all 
of  three  days  is  required.  We  have  demonstrated  also  that  the  pigment 
studied  by  us  can  no^  form  at  all  in  COi,  while  in  all  percentages  of 
oxygen,  between  the  amount  present  in  air  and  100  per  cent,  the  pig- 
ment forma  if  a  period  of  three  days  or  slightly  longer  is  given  for  the 
test. 

In  a  stUl  further  continuation  of  the  above  studies  Wintemitz  (6) 
made  the  interesting  observation  that  drying  the  skin  produces  a  dark 
coloration  in  it  which  is  removed  when  the  dried  colored  skin  is  later 
soaked  in  water.  The  meaning  of  this  observation  is  not  clear  to  us. 
thia  investigator  also  treated  pieces  of  skin  with  various  oxidizing  and 
reducing  agents  and  concluded  that 

reageDtieo  von  ntcht  bedeutender  KonHntr&tioa  hindert  daa  Eintreten  dw 
poetmortalen  Verfftrbung  nicht. 

Further,  from  the  skin  of  rabbits  a  substance  was  obtained  which  vfia 
thought  to  be  chemically  similar  to  adrenalin.  This  last-named  ob- 
servation is  of  some  interest  in  connection  with  a  post-mortem  forma- 
tion of  a  blackish  pigment  in  the  adrenal  itself  ae  was  noted  by  Meirow- 
sky  (7).  The  latter  author  concluded,  however,  that  the  pigment 
produced  in  these  adrenals  is  not  melanin  because,  unlike  that  formed 
in  the  skin,  it  is  not  in  "granular"  form.  This  objection  seems  unim- 
portant. In  defining  "melanins,"  first  conaideTation  may  well  be  given 
to  the  chemical  nature  of  the  pigment  and  its  mother  substance  (chro- 
mogen)  and  to  the  nature  of  the  processes  concerned  in  the  transforma- 
tion of  the  latter  into  «  colored  compound.* 

*  Abderholden  and  Guggenbeim  (IQOS)  have  shown  that  adrenalin,  under  the 
influence  of  tj/roMnMe,  produces  dark  or  dark  red  floceuli. 
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FBB8ENTATION   OP  DATA 

TTie  present  studies  were  undertaken  primarily  because  one  of  us 
(Riddle)  hftd  occasionally  observed  in  connection  with  otljer  studies, 
during  two  or  three  previous  years,  the  presence  of  retinal  pigment  in 
BOme  dead  embryos  of  birds  (St.  alba,  and  some  "extracted"  whites) 
known  to  be  incapable  of  forming  such  pigment  during  life.  In  several 
of  these  cases  it  had  been  noted  that  the  pigment  was  found  only  in  a 
single  eye  and  that  this  eye  was  usually  or  always  the  one  (right)  in  con- 
tact with  the  air  chamber  of  the  egg.^  It  had  also  been  observed  that 
such  unexpected  pigment  was  found  only  in  embryos  that  bad  died 


foment  formation  from  eggt  denceaUd  {over  HjSOi)  while  kept  for  a  period  in 
iiteubator  (103°  F.);  later  inetAation  UTtder  bird* 
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some  days  before  the  egg  was  opened  for  examination;  and  further, 
such  eggs  seemed  often  to  have  especially  large  air  cavities,  i.e.,  these 
eggs  had  lost  an  unusual  amount  of  water  and  had  admitted  a  corre- 
spondingly unusual  amount  of  air.  For  the  purposes  of  extensive 
studies  being  conducted  by  the  senior  author,  it  became  necessary  to 

*  Embryos  that  have  developed  more  than  five  or  six  days  lie  in  aueh  position 
aa  to  imbed  the  left  eye  aRainst  the  egg  yolk  and  the  right  eye  against  the  inner 
shell-membtane  limiting  the  air  chamber.  This  is  the  position  of  the  right  eye 
in  all  later  embryonio  stages  in  those  eggs  trhieh  have  loat  very  considerable 
quantities  of  water.  It  seemed  conceivable  that  the  actual  tissues  of  the  right 
eye  might  thus  be  robbed  of  moisture  during  or  preceding  the  formation  of  the 
pigment. 
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learn  Bomething  of  the  unexpected  and  unexplained  presence  of  retinal 
or  choroid  pigment  in  dead  embryoe  derived  from  parenta  whom  off- 
spring should  be  incapable  of  producing  it.  The  observations  which 
have  been  indicated  above  supplied  the  reasons  for  conducting  the  pres- 
ent observations  and  experiments  along  the  lines  reported  here.  Tlie 
known  facts  of  melant^nesis  were  further  reason  for  an  examination  of 
the  relation  of  oxygen  (and  of  carbon  dioxide)  to  the  proceas. 

A  group  of  eggs  was  placed  for  a  period  of  eight  to  ten  days  ia  an 
incubator  and  desiccated  at  approximately  twice  the  normal  rate.* 
These  eggs  were  later  placed  under  birds  and  hatched  (table  1).  ITie 
eyes  of  these  birds  had  the  normal  distribution  of  pigment,  this  being 
present  in  the  iris  and  wholly  absent  in  the  retina  and  choroid.  A 
considerable  number  of  embryos,  of  late  and  f  ulUtenn  stages,  were  killed 
previous  to  the  beginning  of  these  experiments  in  order  to  supply  con- 
trol data.  It  seems  wholly  unnecessary  to  publish  these  data  since 
those  of  table  1  and  of  all  individuals  of  other  tables  which  survived  in 
the  experiments  are  quite  identical  with  the  control.'  The  amount 
of  desiccation  obtained  in  this  experiment  had  therefore  no  effect  upon 
the  pigmentation  of  embryos  which  continued  to  live. 

Tlie  desiccation  of  a  second  group  of  eggs  was  carried  out,  but  in 
connection  with  incubation  in  a  100  per  cent  oxygen  atmosphere  (table 
2).  It  will  be  seen  that  practically  all  of  the  embryos  died  very  soon 
aft«r  being  placed  in  the  oxygen.  A  comparison  of  the  ages  of  the 
embryos  when  placed  in  oxygen,  and  the  estimated  ^es  of  the  embryos 
when  these  were  examined  several  days  later,  shows  conclusively  (see 
columns  5  and  6)  that  death  was  caused  by  the  gas'  into  which  they  were 
pUced.  The  important  fact  to  be  observed  in  the  data  of  this  table  is 
that  the  three  embryos  which  had  attained  an  age  of  three  to  four  days 
or  more  were  the  only  ones  which  formed  p^ment  in  the  eye,  and  that 
these  three  formed  pigment  not  only  in  the  iris  where  it  occurs  normally 
in  life,  but  also  in  the  retina-choroid  where  it  does  not  form  during  life. 
A  2-day  embryo  failed  to  form  any  pigment  in  either  iris  or  retina  and 
a  3-  to  4-day  embryo  had  formed  only  traces  in  the  normally  pigmentless 
retina.  Further,  at  the  time  of  examination  these  embryos  had  been 
dead  for  eight  days,  during  three  to  five  of  which  they  had  been  in  100 
per  cent  oxygen. 

•This  rate  of  tou  under  aormal  incubation  is  considerably  higher  during  tho 
first  twelve  to  twenty-four  hours  &fter  laying  than  on  subsequent  days. 

'  The  control  data  for  poet-embryonic  stages  are  given  in  table  10. 

*  The  oxygen  gas  doubtless  contained  some  impurities.  Oxygen  prepared  by 
the  Linde  Air  Products  Company  was  used  in  all  our  experiments. 
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PiffmerU  formation  from  eggs  de*iecated  (over  H| 
then  continued  dtticetUion  and  incubation  in 
dotage)  for  a  fea  daye;  tliU  later  ijtcvbation 
i  tggt  oj  table)  under  birde 


iSOt  in  inetJiatOT)  for  thorl  period*, 
(nearly)  100  per  «ni  oxygen  (fatal 
of  tome  of  the  dead  tmbryo*  (firtl 


! 

V- 

6 

g 

rtoHinn 

DAimTD 

;i 

o,;-v„o 

Si 

6 

S 

1 

III 

Iri> 

^S 

«1 

6/3 

B/3  ;  5:40  p.m. 
B/5  ;1:30  p.m 

6.2 
9,6 

7.0 
6.0 

7 
*-*.6 

B/I8 

6/IS 

8.0 
8.0 

3.0 
3.0 

Very 
black 
Black 

Very 
black 
Black 

261    1 

B/e 

B/8 

6/7  ;  12:30  p.m 
B/8  ;10:30ft.m. 

3.2 
7.7 

4.0 
2.6 

3-t 
2 

S/18 
B/18 

8.0 
8.0 

5.0 
4.0 

Black 

Traces 

Iftid/ 

6/8 
S/10 

B/9  ;    1:30  p.m 
6/10^  230  p.m 

3.2 

2.0 

a.6 

0 

S/15 
B/11 

Infert. 
iDfert. 

188a/ 

B/8 
B/IO 

B/8  ;  6M)p.m 
B/10;10:16a.m. 

4.5 

e.3 

2.0 
0.6 

2.6 
1(7) 

B/17 
S/18 

7.0 
7.0 

7.0 
7.6 

170   / 

S/9 
S/11 

B/B  ;lia0ft.m. 
5/ll;10dO&.m. 

6.8 
7.8 

1.0 
0.0 

1-2 
1(?) 

5/15 

B/18 

S.O 
6.0 

6.0 
7.0 

91    / 

B/12 

B/14 

B/12;  6*0 p.m 
B/l£;ll:30B.m. 

6.2 

9.81 

p.o 
lo 

1{?) 
1-1.6 

5/18 
5/18 

6.0 
2.6 

6.0 
3.0 

261    / 

B/15 

B/17 

S/IS;  6:00  p.m 
B/18;120)m. 

7.2t 

sot 

1.5 
0.0 

1.6t 
1.5-2 

B/10 

5/ie 

Alivei 

3.8 
2.0 

*  Tbe  blank  spaces  indicate  no  pigment,  but  in  addition  they  direct  attention 
to  tbe  fact  tbat  the  cause  of  this  is  connected  with  the  very  immature  and  un- 
differentiated state  of  the  embryo.  Neither  normal  nor  poet^nortem  pigment 
formatioQ  has  been  observed  in  embryos  of  lees  than  3  days  of  development, 

t  The  period  here  was  for  less  than  5  days;  the  rate  of  loss  is  usually  greater 
during  the  first  days  after  laying.  The  larger  figures  of  this  column  are  usually 
those  for  larger  eggs;  the  second  egg  of  the  pair  is  larger  in  most  cases. 

t  The  embryo  (if  ever  present}  had  wholly  disappeared;  this  figure  is  for  the 
stage  attained  by  the  vateular  area. 

I  Very  little  blood  in  vascular  area. 
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A  Btmilar  result  wa^  obtained  on  another  group  of  embryos  from  eg^ 
which  were  not  deBiccated  (table  3),  but  otherwise  received  the  same 
treatment  aa  the  above.     Desiccation  therefore  w&s  not  a  real  factor 

TABLE  J 

Pigment  formation  from  egg»  inciJiaUd  but  not  dtriccaUd  for  a  thorl  period  befort 

being  placed  temporarily  tn  a  [nearly)  100  per  cent  oxygen  otTrtesphere  (no  metkcd 

vted  for  the  tAsorption  of  COt,  and  no  derieeation) ;  lattr  inevbation  under  bird* 


1 
1 

100  "«"«^  O, 

11 

3 
<5 

it 

s 

5 

i 

ill 

.»-.«„ 

\ 

Irii 

5:^ 

'■Vt 

iapi 

Ami 

nem  J 

5/17 

5/26;930p.m 

21.5 

8.0 

8-9 

»/30 

4 

R.,  very 

buck 

L.,  traces 

Very 
black 
Traces 

5/19 

5/25;  9 :30  p.m. 

21.5 

6.6 

6.5 

6/30 

4 

\L.,  traces 

Traces 

170 

6/19 

S/24;6*0p.m. 

60.0 

6.0 

5.0 

6/» 

4 

fR.,  traces 
\L.,  more 

None 

5/21 

5/24;  6flO  p.m. 

60.0 

3.6 

4-4.5 

5/29 

3-i 

None 

None 

1S8&    1 

5/19 
5/21 

5/24;5.'00p.m. 
5/24;  5  iW  p.m. 

60.0 
80.0 

6.0 
3.6 

5.6-6 

5-S.5 

6/30 
5/29 

5 
2-8 

Black 
None 

Black 

None 

«   { 

5/21 

S/23 

5/26;630p.ni. 
8/26;  6:30  p.m. 

28.0 
26.0 

4.0 
2,5 

4-0 
2.6 

5/30 
5/30 

4 
4 

Black 

Black 

int. 

6/23 

5/25;  530  p.m. 

26.0 

2.0 

3.5 

6/26 

AUve* 

(t) 

None 

*  This  embryo  waa  probably  alive  nhen  egg  was  opened  May  26  at  730  p.m- 
This  error  resulted  becaune  of  the  very /no  and  indefinite  blood  etMeti  present; 
when  candled  it  seemed  infertile.  This  case  and  a  number  of  similar  instances 
met  with  later  possibly  indicate  that  the  regulatory  mechanisms  of  the  early 
developing  embryo  include  the  power  to  restrict  the  number  of  extra-embryonic 
blood  vessels  (and  the  quantity  of  blood?)  when  exposed  to  a  highly  oxygenated 
atmosphere.  On  the  other  hand,  these  changes  may  be  due  to  "poisonons" 
effects  of  the  gases  used. 

in  the  cases  considered  above.  It  doubtless  accompanies  a  ready  in- 
gress of  air  or  of  oxygen.  Table  3  shows  that  retinal  pigment  formed 
in  four  of  the  six  embryos  which  had  attained  an  age  of  four  days  or 
more  before  death  and  which  in  addition  had  been  dead  for  three  or 
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TABLE  4 

Pigment  formation  in  embryo*  temporarily  svbjeeUd  to  abnormally  high  (o»: 
S7°C.)  and  low  {ice  box,  about  6*C.)  temperatwee.  It  uMW  erroneoutly 
that  the  temperature  wed  would  kill  all  embryoa  within  the  time  Itmtto 


m,  50'  to 
»uppo»*d 


s 

i 

g 

g 

nouBnUf 

„ 

s. 

1 

1 

I 

i 

1 

n 

P 

■I  iiumTO 

i 

bk 

ssss 

(Ice  box,  about  6'C.) 


261 

6/24 
6/26 

19.0 
19.0 

Killed 
KiUed 

11.0 
9.0 

no 

9,0 

6/16 

11 
11 

R.,  traces* 
L.,  none 
R.,  dark* 
L.,  traces 

Traces' 

None 

Dark* 

(T) 

-{ 

5/28 
6/30 

19.0 
19.0 

Killed 
Survived 

6.8 
5.0 

6.0 
13.0  (7  alive) 

6/16 

6/lS 

12 
0 

Nonet 
Tracet 

Nonet 
Nonet 

2 

6/28 
5/30 

19.0 

Killed    . 
Survived  (?) 

e.s 

6.0 

7.0 
13.0 

9/16 

6/16 

6 

3 

TR.  .inner  ring 
\L.,  traces 
Inner  ring 

None 
None 

161 

6/29 

19.0 

Survived 

6.6 

17.0  (full- 
term  +  2 
daye) 

0 

Inner  ring 

None 

5/31 

19.0 

Survived 

4.0 

hatched 

0 

Dark  on  7/18 

None 

161d 

6/30 

19.0 

Killed 

6.0 

4.6 

fl/lfi 

n 

(R.,  dark 
\L..  none 

(T) 
None 

188a 

6/6 
6/7 

19.6 
19.6 

KiUed 
KiUed 

10.6 
9.0 

10.0 
9.0 

B/21 
6/21 

Dark 
;R..  dark 
\L.,  none 

Black 
Traoea 
None 

6/6 

19.5 

Killed 

10. G 

10.0 

6/21 

/R.,  inner  ring 

Dark 
None 

8/7 

19.6 

KiUed 

9.0 

».0 

6/21 

* 

|R..  dark 
\L.,  none 

Dark 
None 

117a 

6/6 

B/8 

19.fi 
19.6 

KUled 
Killed 

0.6 
8.0 

9.0 
8.0 

6/21 
6/21 

6 
5 

Dark 
fR.,  dark 
\L.,  traces 

Dark 

Dark 
None 

*  Prom  6/10  to  6/IS  this  egg  was  kept  in  a  refrigerator;  probi^ly  little  ( 
ment  could  form  while  kept  at  this  low  temperature, 
t  From  6/12  to  6/15  this  egg  was  kept  in  a  refrigerator. 
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e 

1 

s 

£ 

if 

:".■.;."." 

P 

'"=."."• 

s 
\ 

\ 

nflHIHT  IK 

1 

2 

I^ 

ohwidT 

Oven,  50 

'  t«  STC.—Cmtitfued 

i«n 

i*» 

in. 

SI 

8/9 

a/11 

19,5 
19.5 

Killed 
Killed 

65 
5.0 

8,6 
5  0 

8/21 
6/21 

S 
5 

/R.,  blMk 

\L.,  blMk 
JR.,  dark 
\L.,  traces 

BlMk 

Traces 

Dork 

Traces 

M 

6/9 

19,5 

Survived 

6,5 

11,6 

8/21 

0 

Inner  ring 

None 

8/11 

19.5 

Survived 

6.0 

9.5 

6/21 

0 

Inner  ring 

None 

more  days.  The  two  exceptioDs  (young  of  170)  were  embryoe  of  five 
dayfl  or  less.  An  embryo  of  two  and  a  half  days,  dead  for  four  days, 
and  a  3.&Klay  live  embryo  had  formed  no  retinal  pigment. 

Two  groups  of  embryos  were  next  killed,  and  otherwise  not  treated, 
in  order  to  learn  whether  the  pigment  would  form  without  excess  (not 
more  than  in  air)  of  oxygen  and  without  desiccation  (table  4).  One 
group  was  killed  by  low  temperature  (3°),  the  other  by  high  tempera- 
ture (50°  to  57").  It  will  be  noted  that  a  few  embryos  survived  these 
rather  extreme  temperatures  in  which  they  were  kept  for  nineteen 
hours.  Of  the  thirteen  birds  of  these  two  groups  which  attained  an 
age  of  more  than  three  days,  and  also  remained  dead  more  than  three 
daya  before  examination,  ten  formed  retinal  p^ment;  one  was  question- 
able and  two  f^led  to  form  such  pigment.  The  embryos  that  failed 
were  of  six  and  a  half  days.  None  of  the  five  embryos  which  remained 
alive  showed  any  trace  of  retinal  pigment. 

A  group  of  embryos  was  next  placed  in  a  50  per  cent  oxygen  atmos- 
phere. The  data  of  table  5  indicates  that  nine  of  the  ten  embryos 
treated  were  killed  by  this  degree  of  concentration  of  the  gas.  That 
all  of  the  embryos  had  continued  to  live  in  the  gas  for  a  period  of  one  to 
two  days  is  shown,  however,  by  an  examination  of  columns  6  and  7  of 
the  table.  T^e  three  embryos  of  more  than  eight  days  of  development 
all  produced  retinal  pigment;  two  of  six  to  six  and  one-half  days  and 
one  of  three  to  three  and  one-half  days  failed  to  do  so.  AU  had  four 
to  five  days  post-mortem  as  the  period  during  which  the  pigment  might 
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form.    Three  embryos  of  three  days  of  developmeDt  or  leas  formed  no 
pigment. 

Another  group  of  quite  yoimg  embryos,  of  one  and  one-half  to  three 
days,  were  placed  during  four  to  eight  days  in  35  per  cent  oxygen; 


Pigment  formation  in  enAryos  from  eggt  normally  inciibaied  for  a  period  aitd  then 
permarterUly  Iraneferred  to  {nearly)  50  per  eenl  oxygen  in  iTtcubator  (no  detieeation) 


3 
1 

3« 

is 

VITM. 

I 
S 

g5 

e 
s 
\ 

1 

„».„„ 

\ 

iiii 

IMina- 
ohoioid 

Urn 

188a 

6/13 
6/15 

6/23 
6/23 

6 
8 

KiUed  (?) 
Killed  (T) 

10.0 
8.0 

12 
10 

4.0 
4.0 

/R.,  none  (?) 
\l.,  none 
/r.,  none 
\L.,  none 

Black 
None 
Traoee 
None 

2«1 

6/16 
1/18 

3/23 
9/23 

6 

Killed  (T) 
Killed  (T) 

7,0 
5.0 

8 
6-6,6 

6,0 
4.6 

fR.,  black 
\L.,  traces 
/R.,  trace 
\l„  none 

Black 
Traces 
None 
None 

91 

S/18 

6/23 

Killed  (?) 

6.0 

6-6  6 

4.5 

/R.,  traces 
11,,  none 
None 

None 

6/2D 

6/23 

Killed  (?) 

30 

3-3  6 

6.5 

None 

I7D      1 

6/21 
6/23 

6/23 
6/23 

KiUed  (7) 
Killed 

2-0 
0.1 

3 

1 

5.0 
5.0 

188a    1 

6/22 
6/M 

a/23 
l/26f 

KUI«d 
Survived 

1.0 
2.6 

2-a.5 

5-6.5 

•4.5 
0.0 

None 

None 

*  On  the  laat  day  of  inoubation,  June  28-29,  the  temperature  of  the  incubator 
got  too  high — about  109°F. ;  later  examination  of  the  embryos  of  this  lerlea  showed, 
however,  that  all  had  died  before  this  period. 

t  This  egg  in  O,  at  6:00  p.m. 

this  percentage,  however,  at  one  time  became  less  than  normal  and 
killed  six  of  the  eight  embryos.  The  embryos  ranged  from  three  to  ten 
days  of  development;  the  time  post-mortem  for  p^ment  formation 
was  only  one  day  (two  days  in  one  case)  and  no  retinal  pigment  was 

TBB  AWBUCAIt  /OUKMU.  Or  FBniOLOOT,  TH..  iT,    HO.  1 
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formed  in  any  case  (table  6).  A  very  striking  fact  conceminR  this 
series  is  that  there  was  also  no  pigment  in  the  irides  of  any  of  this  group 
when  they  were  examined.  This  pigment  had  certainly  been  present 
earlier  in  the  irides  of  the  (seven)  embryos  which  were  of  more  than 
four  days  of  development.    Since  all  suffered  a  lack  of  oxygen  at  the 


Egg»  normally  incubated  for  a  tkorl  period  and  then  permanently  traruferred  to 
(nearlji)  35  per  cent  oxygen*  in  incubator.  On  July  S  and  7  there  was  a  defi- 
ciency of  oxygen.— lets  Ihari  in  the  air— which  eavted  the  death  of  6  of  the  8  embryot 


s 
3 
1 

..„„„.. 

Is 

\^?,li 

E 
I 

i 

it 

^1 

1- 

If 

„»„„. 

\ 

Iri* 

ehoi^ 

161c   1 

6/26 
6/28 

6/29,  p.m. 
6/29,  p.m. 

8 
8 

Killed  (?)• 
KUIed  (?) 

3,0 
15 

9-10 
8.0 

7/7 
7/7 

1 
I 

None 
NoDe 

None 

None 

116in  1 

6/27 
6/20 

6/29.  p.m. 
6/29.  p.m. 

8 
8 

Killed  (?) 
Killed  (?) 

20 
04 

8-9 
6.5-7 

7/7 
7/7 

1 
1 

None 
None 

None 
None 

91 

8/27 

6/29.  p.m. 

8 

Survived 

20 

9 

7/7 

0 

None 

None 

2 

6/30 

7/3  ,  p.m. 

4 

Killed 

3.0 

4-5 

7/7 

2 

None 

None 

-{ 

6/30 
7/2 

7/3  ,  p.m. 
7/3  .  p.m. 

5 

Killed  (7) 
Killed  (?) 

3.0 
13 

3-4 

7/7 
7/7 

1 

1 

None 
None 

None 
None 

*  Thia  was  the  initial  percentage  of  O) ;  it  wu  of  courae  continually  diminlahed 
through  the  reapiration  of  the  several  embryos.  At  the  end  of  the  first  three  days 
the  oxygen  chamber  supported  a  flame  better  than  the  air  and  was  then  refilled. 
On  July  7,  however,  at  the  end  of  a  four-day  period  (and  with  larger  embryoa) 
there  was  a  decided  deficiency  of  Oi  in  the  chamber.  On  July  3  concentrated 
NaOU  solution  was  placed  in  the  bottom  of  the  chamber  to  absorb  the  output  of 
COi;  hitherto  the  COi  had  been  permitted  to  accumulate.  When  the  chamber 
was  opened  on  July  7  it  showed  a  partial  vacuum,  due  to  the  absorption  of  COi. 


time  of  death  and  for  some  time  thereafter  it  is  reasonable  to  ask 
whether  this  lack  of  oxygen  caused  an  actual  disappearance  of  pigment 
already  formed.  That  this  was  almost  certainly  the  case  is  shown  by 
the  data  of  table  9. 

Table  7  supplies  details  for  another  group  of  embryos  kept  in  35 
per  cent  oxygen.    Four  of  these  birds  hatched  in  the  oxygen  chamber; 
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Table  7 
Egg»  nomuUly  inctAated  for  a  period  and  then  permanently  Irans/erred  to  (nearly) 
SB  per  cent  oxygen  in  an  incabaior—the  Oi  lupjdy  being  automatieally  maintained 
at  35  per  cent 


i 
1 

""r»x" 

Si 

.-rs;: 

I 
I 

9,0 

3 

Is 

11 

1 
52 

e 

il 

n 

„o„. 

. 

.. 

R>tb^ 

161      1 

7/2 

7/ll.p.m.* 

7 

Hatched 

Hatched 

7/18 

0 

[nnerrinfc 

N'one 

7/4 

7/ll,p,m. 

7 

Hatched 

70 

Hatched 

7/18 

0 

Inner  ring 

None 

91 

7/9 

7/ll,p.m. 

11 

Hatched 

5.0 

Hatched 

7/22 

0 

Inner  ring 

None 

11  em 

7/7 

7/ll,p.ni. 

8 

Killed  (?) 

4.0 

10,6-11 

7/19 

1.0 

None 

None 

leid 

7/8 

7/U,p,in. 

12 

Died. 
Hatched 

3 

Hatched 

7/23 

0 

Diffuse 

None 

125y 

7/9 

7/ll,p.m. 

8 

Killed 

2 

7-8 

,n. 

2 

None 

None 

7/9 

7/lI,p.m. 

12 

Killed 

2 

8-9 

™ 

3 

Jr.,  traces 

Dark 

18Sb 

\  L..  none 

traces 

7/11 

7/n,p,n.. 

8 

Dead  (?) 

0 

8-0 

T/lff 

1 

None 

Nrtie 

1 17a   / 

7/10 

7/n,p.m.* 

12 

KUled 

1 

7 

7/2a 

6 

Traces  (T)t 

Dark 

7/12 

7/12,p,m. 

7 

Killed 

0.3 

S 

7/19 

2 

None 

None 

I61c   / 

7/10 

7/12,p.m. 

3 

Killed 

2 

3 

7/15 

2 

None 

None 

7/12 

r/12,p.m. 

n 

Killed 

03 

e-6.5 

7/23 

4  5 

m 

(?) 

7/13 

7/19,p.m. 

6 

KiUedl 

6 

9 

7/25 

3 

!  R..  dark 

Dark 

Hem 

\  L.,  none 

7/15 

7/19,p.m. 

6 

Killed 

4 

7 

7/25 

3 

(T) 

Traces 

262 

7/15 

7/l9,p,m. 

6 

Killed 

4 

5-6 

7/25 

4 

Traces 

m 

125y   1 

7/17 

7/19,p.m. 

6 

Killed 

2 

4-4.5 

7/25 

3  6 

None 

None 

7/19 

7/19,p.m. 

6 

Killed 

0.3 

35 

7/25 

2.6 

None 

None 

91 

7/18 

7/19,p.in. 

6 

Killed 

1 

4-4.5 

7/25 

1.5 

None 

None 

"  The  ^gs  of  this  table  which  were  in  the  oxygen  chamber,  7/11  m.  to  7/12  p. n 
were  in  approximately  40  per  cent  oxygen. 

t  This  embryo  was  considerably  macerated  and  its  tissues  fell  apart  before 
the  examination  could  be  completed, 

I  On  7/24  the  automatic  oxygen  supply  did  not  work  properly  and  there  was  no 
excess  of  Oi  in  the  chamber.     The  six  embryos  then  in  the  chamber  werp  all  dead 
at  that  time  as  is  shown  by  the  figures  tor  the  ages  attained  by  them. 
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they  had  pigment  in  the  iris  and  none  in  the  retina.  Eight  older  em- 
bryos' had  three  or  more  days  for  post-mortem  pigment  formation; 
five  of  them  formed  retinal  pigment,  one  failed  and  two  were  not  suc- 
cessfully examined.  Seven  had  less  than  three  days  post^nortem  for 
pigment  formation  and  none  formed  the  pigment;  but  these,  Uke  the 
case  noted  immediately  above,  also  failed  to  ahow  pigmented  irides  and 
this  raises  again  the  question  whether  a  temporary  defidericu  of  oxygen 
may  not  have  caused  the  disappearance  of  pigment  already  formed. 
For  four  of  these  embryos'  (last  two  rows  or  table)  we  had  reason  to 
suspect  a  deficiency  of  oxygen  soon  after  their  death.  It  is  possible 
that  an  unobserved  deficiency  occurred  also  earlier;  if  so  this  may  ac- 
count for  the  five  similar  cases  to  be  seen  in  the  entire  table.  All  of 
the  nineteen  embryos  of  this  series  attained  the  age  of  three  or  more 
days  before  death. 

A  further  Benea  of  ten  embryos  was  very  carefully,  and  we  believe  suc- 
cessfully, kept  during  ten  to  twelve  days  in  a  40  per  cent  oxygen  at- 
mosphere. One  bird  hatched  and  another  partly  hatched  in  the  oxygen 
chamber.  All  lived  very  much  longer  than  when  placed  in  higher 
percentages  of  oxygen  and  possibly  all  would  have  survived  except  for 
a  single  but  considerable  aberration  of  temperature  in  the  incubator 
(table  8).  All  except  one  (two  and  a  half  days)  of  these  birds  attained 
an  age  of  eight  to  fifteen  days.  Autopsies  were  made  near  to  what  we 
now  recognize  as  the  minimum  time,  post-mortem,  which  is  necessary 
for  pigment  formation.  This  period  for  one  embryo  was  four  days;  it 
formed  a  heavy  black  retinal  pigment.  For  three  embryos  the  period 
was  three  days;  one  formed  the  pigment  and  two  faOed.  For  three 
other  embryos  the  period  was  two  days  and  none  formed  the  pigment. 
For  one  bird  the  period  was  one  day  and  no  pigment  was  formed.  Fi- 
nally, for  two  this  post-mortem  period  was  less  than  one  day  and  no 
pigment  was  formed. 

Tables  3  to  8  show  that  it  was  possible  to  differentiate  in  the  two 
eyes  the  amounts  of  retinal  pigment  formed  post-mortem  in  fourteen 
cases.  In  every  case  the  right  eye  (which,  as  earlier  noted,  is  the  eye  in 
close  contact  with  the  oxygen  of  the  air  chamber  of  the  egg)  bad  more 
pigment.  The  amount  of  pigment  borne  in  the  irides  was  differentiated 
in  eighteen  embryos;  in  seventeen  of  these  the  right  iris  had  more  pig- 
ment and  in  one  case  it  had  less.     In  the  exceptional  case  (table  3)  it 

*  Tbe  first  egg  of  table  8  is  included  in  this  statement. 
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Bgga  noTTnoQjf  incvbaUd  for  a  period  and  then  permanently  transferred  to  (nearly) 
40  per  etnt  oxygen  in  ineubalor—the  Oi  RuppJj/  being  automatically  maintained  at 
40  per  cent 
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7/19 
7/21 
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10 

Killed  (?) 
Killed  (7) 

6 
4 

13.0 
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8/4 
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3 
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5 
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7/22 

7/25,p.n. 
7/25,p.iii. 

10 

10 

Killed  (?) 
Killed  (?) 

5 
3 

12-13 
11-12 

8/4 
8/4 
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Diffuae 
Diffuse 

None 
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7/25 

7/2S,p.n, 

12 

Killed 

a 

9.0 

S/fl 

3 

E.,  very 
black 

Very 
black 

nem 

7/27 

7/28,p.in. 

12 

Killed 

1 

7-8 

8/9 

4 

L.,  dark 

R.,  very 

black 

I L.,  dark 

None 
Very 

black 
None 

•  This  egg  wa«  treated  with  othere  recorded  in  table  7;  35  per  cent  of  0»  waa 
used  for  th^t  aeries. 

t  On  the  night  of  7/28-29  the  temperature  of  the  oven  reached  10e°F.  Al- 
though none  of  the  embryos  died  at  that  time  it  is  possible  that  the  birds  here 
marked  "killed  (?),"wereat  least  weakened  by  this  high  temperature. 

t  This  bird  pricked  the  shell  but  died  before  complete  hatching. 

was  not  recorded  whether  the  position  of  the  embryo  in  the  egg  was 
normal. 

Another  fragment  of  data  bearing  on  this  topic  is  supplied  by  table 
9.  In  this  ease  twenty-four  embryos  were  killed  by  a  deficiency  of 
oxygen  (or  poisoning  with  100  per  cent  CO-).  In  two  cases  the  amounts 
of  iridial  pigment  in  the  two  eyes  could  be  distinguished.     Here  one 
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right  iria  showed  more  pigment  and  one  showed  lees.  It  will  be  noted 
in  that  group  that  only  four  of  twenty-four  pairs  of  iridea  showed  any 
pigment  although  it  is  practically  certain  that  all  of  these  iridee  con- 
tained pigment  at  the  time  of  death.  When  killed  by  CO^  and  kept 
in  COa  for  periods  of  five  to  eight  days  not  more  than  six  of  the  forty- 
eight  irides  showed  any  trace  of  pigment. 

The  data  of  table  9  were  obtained  with  the  purpose  of  learning 
whether  post-mortem  pigment  formation  can  occur  in  the  absence  of 
oxygen.  The  data  previously  obtained  had  shown  that  such  pigment 
can  form  in  oxygen  percentages  ranging  between  that  present  in  normal 
air  and  100  per  cent.  Three  separate  groups  of  embryos — as  indicated 
by  the  divisions  on  the  table — were  separately  used  in  this  study. 
Having  previously  learned  that  the  stage  reached  by  the  embryo  must 
be  three  or  more  days,  only  embryos  from  four  to  nine  days  of  develop- 
ment were  used.  The  table  makes  clear  the  fact  that  in  the  absence 
of  oxygen  not  a  single  case  of  pigment  (choroid-retinal)  formation 
occurred. 

Observations  on  embryos  at  the  hatching  stage  (fourteen  to  fifteen 
days)  are  not  complete.  Three  groups  of  these  embryos  kept  in  air 
at  30°,  50°  and  58°  respectively,  failed  to  show  a  formation  of  pigment. 
Hi^er  percentages  of  oxygeji  and  higher  temperatures  have  not  been 
tried.  These  experiments  were  not  precisely  paraUel  to  those  made 
with  younger  embryos  since  the  eggs  were  partly  opened  to  make  sure 
that  the  bird  was  alive;  in  some  cases  the  mature  embryos  were  re- 
moved entirely  from  the  shell.  AU  these  embryos  dried  faster  than  the 
earlier  embryos  although  in  the  lot  kept  at  58°  moisture  was  continu- 
ally kept  in  the  bottom  of  the  containing  chamber.  It  is  perhaps  con- 
ceivable that  the  drier  cornea  and  sclera  greatly  lessened  the  oxygen 
supply  to  the  choroid  and  retina.  It  ie  also  conceivable  that  the  later 
and  more  complete  differentiation  of  the  outer  layers  of  the  eye 
greatly  restrict  the  diffusion  of  oxygen  into  the  eye. 

In  view  of  Meirowsky's  record  of  the  formation  of  the  pigment  in 
boiled  pieces  of  skin,  the  following  incomplete  results  are  perhaps  of 
interest.  Six  eggs  containing  embryos  were  subjected  for  fifteen  min- 
utes to  a  temperature  of  100°  to  107°,  These  eggs  were  then  kept 
over  moisture  at  a  temperature  of  52°  to  55°C.  during  four  and  six  days. 
When  t^ese  embryos  were  examined  they  were  found  surrounded  by 
considerable  moisture  and  no  pigment  had  formed  postr-raortem  in  any 
case.  Since  the  heating  of  the  eggs  and  the  presence  of  moisture  in 
considerable  amounts  may  have  lessened  the  amount  of  available 
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Bggg  normally  incubaUdfor  a  period  and  then  permamntltf  transferred  to  {nearly) 
100  per  cent  COt  in  inaAator.  Three  separate  »et»  of  egg*  wed,  a»  indicated  by 
the  dimtion*  of  the  table 
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8/17 
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8 
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p.m. 
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8 
8 
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8/15 
8/17 
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8 
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8/4 
8/6 

S/13 
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8/21 
8/21 
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KiUed 

9 
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8/7 
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p.m, 
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oxygen,  this  test  is  unsatisfaGtory.  The  experiment  was  therefore 
repeated  and  modified  by  removing  a  part  of  the  shell  from  the  air 
space  in  order  to  permit  an  ingress  of  air.  Tliese  embryos,  however, 
became  very  dry  within  forty-eight  hours.  No  pigment  had  formed; 
but  in  view  of  our  r^ults  on  the  younger  embryos  the  time  was  not 
sufficient. 

TABLE  10 

Pigment  in  eyet  of  control  btrdM  killtd  ai  various  ogee 
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Dark 
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None 
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44 

Dark 
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Dark 

None 

161     \ 

12 

42 

Dark 

None 
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Dark 

None 
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13 

49 

Dark 

None 
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6 

91 

Dark 

None 
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14 

52 

Dark 

None 

7 

80 

Dark 

None 

U6in 

15 

40 

Dark 

None 

8 

70 

Dark 

None 

118a 

16 

68 

Dark 

None 

*  Parenta  similar  to  birds  of  pair  261.  All  of  the  young  produced  by  tlua  pair 
were  of  white  color.  One  egg  from  this  pair  was  used  in  the  Btudtes  outlined  in 
table  7. 

In  a  last  examination  of  this  point  three  pairs  of  6-  to  8~day  embryos 
were  used.  The  three  &-day  embryos  were  killed  at  103°;  the  3-  to  6-day 
embryos  were  killed  by  immersion  in  a  saturated  solution  of  HgCU, 
care  being  taken  to  prevent  the  air  space  of  the  egg  from  coming  in  con- 
tact with  the  solution;  the  uncoagulated  membrane  would  therefore 
continue  to  permit  the  ingress  of  oxygen  into  these  eggs.  The  Six  em- 
bryos were  all  examined  at  the  end  of  four  days.  The  three  killed  at 
103"  showed  no  retinal  pigment;  the  three  embryos  killed  in  HgCU 
all  showed  heavy  formations  of  retinal  pigment.  In  our  studies  there 
has  been  no  trace  of  pigment  formation  in  any  embryo  subjected  to  a 
temperature  of  100°  or  more  for  periods  of  five  to  fifteen  minutes. 

Our  observations  and  data  indicate  that  the  post-mortem  pigment 
formation  begins  at  the  inner  (pupillary)  edge  of  the  iris,  later  appears 
in  the  outer  iris  and  still  later  in  the  entire  retina-choroid  area.  This 
series  has  an  interesting  parallel  in  the  order  in  which  the  pigment  arises 
in  the  normal  ontogeny.     All  of  the  several  earlier  stages  (less  than  3- 
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day  embryo)  of  these  living  white  embryos  have  no  pigment  in  the 
iris.  When  the  pigment  first  appears  it  forms  an  inner  ring  to  the 
iris  which  is  later  extended  to  the  outer  iris.  In  these  doves  the  retina- 
choroid  area  remains  pigmentless  throughout  life  but  in  their  closest 
relative,  the  blond  ring-dove  {Si.  risoria),  the  formation  of  iridial  pig- 
ment is  followed  by  the  pigmentation  of  the  retina-choroid  area  A 
histological  study  of  the  macerating"  ocular  tissues  bearing  the  pig- 
ment was  attempted  in  only  unfixed  and  smear  preparations.  Aside 
from  the  precise  placement  of  the  pigment  its  solubilities  and  appear- 
ance in  fresh  preparations  under  the  microscope  show  that  it  is  unques- 
tionably melanin  ocular  pigment. 

POST-HORTEH    FIGMENT    FORMATION    AND    THE     P08TULATI0N     OF    THE 

ABSENCE  OF  GENETIC   COLOR   FACTORS   IN   WHITE   AND 
'  ALBINO   ANIUAtS 

On  this  topic  only  a  few  statements  wiU  be  added  to  those  made  in 
the  introductory  to  this  paper.  Table  1 1  has  been  prepared  to  show 
the  character  and  origin  of  the  parents,  grandparents,  etc.,  of  the  pairs 
which  supplied  the  embryos  for  this  study.  None  of  the  birds  used  ia 
capable  of  producing  offspring  of  a  color  other  than  white  when 
mated  to  any  other  of  the  twenty-two  birds  of  the  list.  None  of  the 
offspring  of  these  pairs  ever  produces  retina-choroid  pigment.  Under 
the  conditions  described  above  all  of  them  can  and  do  form  the 
pigment. 

The  bearing  of  this  fact  on  theories  of  color  inheritance  which  make 
use  of  "presence  and  absence"  and  "inhibitor"  concepts  is  fairly  obvi- 
ous. Clearly  none  of  these  white  animals  wholly  lacks  a  discreet,  seg- 
regable,  germinal  entity,  without  whose  presence  the  formation  of 
black  melanin  pigment  is  impossible.  This  fact  may  assist  in  prescrib- 
ii^  limits  to  the  frequent  and  enormous  liberties  taken  with  the  "pres- 
ence and  absence"  hypothesis.  Concerning  the  wholly  hypothetical 
"inhibitors" — the  convenient  and  ever-present  refuge  of  some  geneticists 
— it  may  be  said  that  the  facts  of  post-mortem  pigment  formation  seem 
to  suggest  one  limit  beyond  which  the  imagination  of  their  creators 

»•  One  may  recill  in  tbie  connection  that  tyroain  was  early  identified  among 
the  products  of  autolysis  by  both  Jacoby  and  Salkowski.  It  ia  possible  that  the 
delay  in  the  post-mortem  pigment  formation  is  associated  with  a  delay  in  the 
liberation  of  tyrosin  or  other  chromogcn. 


.,Google 


Skomng  the  character  and  origin  of  the  pareitla  of  Ihe  embryos  itted  in  these  studies. 
Every  bird  ivat  of  white  color;  nil  had  pigmentfd  irides  and  nnn-pigmenled  choroids. 
Every  pair  hae  produced  only  white  o^spring 
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*  None  of  the  embryos  or  offspring  used  in  these  pigment  studies  is  counted  in 
the  liRUres  of  this  column. 

t  The  female  grandparent  of  pair  170  was  an  extracted  white  from  a  crossing  of 
St.  alba  with  St,  rtsoria. 

t  The  parents  were  cT  alba-rUoria  and   9   atba-douraca-risoria,  of  blond  and 
dark  color  respectively.    All  of  the  white  young  of  this  and  later  generations, 
mated  inter  se  or  with  SI.  <^ba,  have  thrown  only  white  offspring. 
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may  not  go:  The  regnancy  of  the  color  "inhibitor"  certainly  does  not 
extend  beyond  death. 

The  facts  of  post-mortem  pigment  formation  lend  support  to  the 
following  conclusion  of  one  of  us  (1),  as  stated  {p.  330)  in  1909: 

The  specific  color  of  an  animiil  then  is  an  index,  not  of  the  presence  in  the  germ 
from  which  this  animal  arose  of  certain  chromogens  and  specific  zymogens,  and 
the  absence  of  a  wide  series  of  others ;  but,  this  specific  color  means  that  a  process 
with  a  wide  range  of  poasibilitiea,  because  of  a  particular  physiological  stale  and 
enviionmentat  conditions  baa  struck  this  particular  equilibrium.  One  and  the 
same  organism  has  within  it  all  that  is  necessary  to  move  that  equilibrium  up  or 

BUMUARY 

The  post-mortem  formation  of  melanin  (black)  pigment  has  been 
shown  to  occur  in  the  retina-choroids  of  white  dove  embryos  of  three 
to  twelve  days  of  development.  The  pigment  is  not  produced  in  earher 
stages  and  is  not  as  readily  produced,  possibly  not  at  all,  in  the  full- 
term  or  just^tched  embryos.  Killing  the  tissues  in  HgCli  does 
not  prevent  the  development  of  the  pigment.  No  pigment  was 
formed  in  the  few  tested  embryos  which  were  previously  subjected  to 
a  temperature  of  100°  to  107''C. 

The  presence  of  free  oxygen  is  necessary  for  the  production  of  the 
pigment.  It  will  form  in  percentages  of  oxygen  varying  between  that 
present  in  air  and  100  per  cent.  The  pigment  fails  absolutely  to  form 
in  an  atmosphere  of  COt;  further,  It  seems  probable  that  the  inner  ring 
of  iridial  pigment  which  is  present  in  older  living  embryos  entirely 
disappears  when  kept  after  death  in  the  presence  of  hi^  percentages 
of  CO,. 

The  facts  of  post-mortem  melanin  formation  have  a  bearing  on  cur- 
rent theories  of  color  inheritance  and  development.  They  coincide 
with  the  view  advanced  by  Riddle  in  1909,  and  present  difficulties 
and  limitations  to  the  "presence  and  absence"  hypothesis  of  color 
development. 
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Very  few  data  have  hitherto  been  obtained  on  the  chemical  com- 
position of  the  brains  of  individuals  with  hereditary  mental  deficiency  or 
derangement.  Fewer  still  are  such  data  obtained  from  otherwise  healthy, 
normal  individuals  whose  brains  were  prepared  for  analysis  at  the  mo- 
ment of  death.  In  no  case,  so  far  as  we  are  aware,  has  it  been  possible 
to  obtain  duplicate  samples  of  abnormal  brains  and  to  compare  them 
with  normab  of  essentially  the  same  parentage  and  of  similar  age. 
All  of  these  advantages  are  present  in  the  case  of  the  brains  of  the  pigeons 
here  described. 

A  limited  number  of  chemical  studies  of  human  brains,  from  individ- 
uals, dead  of  various  diseases  and  acute  infections,  have  been  made. 
Still  other  experiments  have  been  conducted  with  the  object  of  in- 
fluencing the  chemical  composition  of  the  brain  of  various  animals  by 
complete  starvation,  by  underfeeding  or  by  the  feeding  of  specific  or 
particular  diets.  It  does  not  seem  to  us  that  the  literature  bearing 
upon  these  topics  requires  special  treatment  here  since  our  data  were 
obtained  from  brains  showing  hereditary  derangement  rnd  particularly 
since  in  this  material  there  is  reason  to  believe  that  something  of  the 
condition  found  at  death  was  continuously  present  since  the  early 
development  of  the  embryo  and  is,  quite  probably,  not  to  be  wholly 
accounted  for  by  subsequent  degeneration. 

MATERIAL   AND   METHODB 

The  functional  abnormality  associated  with  the  brains  studied  is 
recognizable  and  describable  as  a  lack  of  control  of  the  voluntary  move- 
ments. This  has  been  shown  in  different  degrees  by  different  individ- 
ual birds.     Occasionally  a  bird  deficient  in  motor  control  in  early  life 
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becomf«  nonual  at  a  later  period  and  conveiBely  some  birds  apparently 
noimal  in  eaily  life  may  partially  lose  the  control  of  their  voluntaiy 
movements  in  later  life.    Usually  the  derangement  persists  until  death. 

It  is  not  yet  certain  by  what  name  this  disorder  should  be  called. 
Even  before  the  present  chemical  data  were  obtained,  however,  there 
were  good  reasons  for  designatirg  the  brain  as  the  seat  of  the  disorder. 
A  preliminary  description  of  the  origin  and  inheritance  of  the  disorder 
has  been  published  by  one  of  us  (1) ;  provisionally  the  disorder  has  been 
called  ataxia(?).'  It  may  here  be  stated  that  the  more  usual  manifes- 
tations of  the  disorder  arc:  Nodding  of  the  head  or  nodding  and  swaying 
of  the  head  and  neck;  unsteady  gait;  tipping  (somersaulting)  back- 
wards or  forwards;  falling  on  the  aide;  veiy  irregular  flight,  the  bird 
even  flying  backwards.  The  same  bird  often  exhibits  two,  three  or 
perhaps  all  of  these  irregularities.  Practically  all  affected  biitls  aie 
unable  and  uninclined  to  sit  on  a  perch,  remaining  constantly  on  the 
ground  or  on  a  flat  ledge.  In  the  most  affected  individuals  thei'C  seem 
to  be  no  movements  whatever  of  wholly  noimal  coordination;  inaver- 
age  cases,  however,  the  disturbances  are  much  increased  under  excite- 
ment, fear  or  any  attempt  at  increased  or  more  vigorous  movement. 
In  a  few  cases  the  movements  have  seemed  fairly  normal  when  the 
bird  was  at  perfect  rest.  Several  of  the  affected  birds  have  mated  and 
produced  young. 

The  necessary  data  for  age,  sex,  brain  weight,  body  weight  and  de- 
gree of  ataxia  are  fully  given  (table  3)  for  each  individual  bird  and  for 
each  group  of  five  birds  whose  brains  were  combined  into  one  sample 
for  chemical  analysis.  The  birds  wei'c  all  killed  by  decapitation  and 
the  brain  removed  immediately,  using  the  following  technique:  The 
skull  was  opened  with  smaU  bone-forceps  so  as  to  expose  the  convexity 
of  the  brain  from  the  fourth  ventricle  to  the  olfactory  bulbs.  An 
incision  was  made  just  posterior  to  the  fourth  ventricle,  the  brain  was 
then  lifted  up  with  forceps  and  the  optic  nei  ves  cut  close  to  the  eye- 
balls and  the  olfactory  bulbs  left  attached  to  the  brain.  Each  brain 
was  quickly  weighed  and  placed  in  a  sufficient  quantity  of  redistilled 
alcohol  to  make  the  final  conccnti  ation  of  alcohol  about  85  per  cent. 
Five  samples  were  collected  in  this  way.  Two  of  these  were  controls, 
one  from  younger  and  one  from  older  pigeons;  and  three  samples  were 
fonned  from  brains  of  birds  showing  three  different  degrees  of  ataxia. 

<  Competent  neurologists  have  undertaken  h  special  study  of  the  brains  of  these 
abnormal  birds;  probably  the  center  or  centers  of  the  disorder,  or  further  knowl- 
edge of  the  nature  of  the  disorder,  will  be  disclosed  by  that  study. 


.,Google 


126  MATHILDA   L.    KOCH   AND   OSCAR  BIDDLE 

In  the  present  paper  it  is  not  thought  necessary  to  describe  in  detail 
the  method  (2)  used  in  the  determination  of  the  several  chemical  con- 
stituents of  the  brain  further  than  to  say  that  these  brains  were  allowed 
to  stand  in  the  alcohol  for  two  months,  after  which  a  hot  alcohol  extrac- 
tion was  made,  followed  by  an  ether  extraction;  the  brain  material  was 
then  softened  with  water  after  grinding  to  a  fine  powder  in  a  mortar. 
A  final  85  per  cent  alcoholic  extraction  for  fifteen  hours  completed  the 
extraction.  By  this  procedure  the  lipoids  and  water-soluble  extractives 
were  separated  from  the  protein  residue.  The  lipoids  were  then 
separated  from  the  extractives  by  precipitation  with  acid  (0.5%  HCl  and 
CHCU),  and  the  sulfur  and  phosphorus  determined  in  each  of  these 
three  fractions.     Cholesterol  was  determined  in  the  lipoid  fraction. 

PKBSENTATION   OF  DATA 

Tables  1  and  2  give  the  analytical  results  obtained  in  the  normal  and 
ataxic  brains.  Tables  3  and  4  give  general  information  concemii^  the 
nature  of  the  various  samples  as  used  for  analysis.  It  is  well  known 
that  the  chemical  composition  of  the  brain  varies  greatly  with  age; 
the  age  of  each  individual  and  of  each  group  of  individuals  is  com- 
pletely given.  The  sex  also  is  indicated  in  all  cases  although  it  is 
fairly  certain  that  only  slight  differences,  if  any,  exist  in  the  percent^e 
composition  of  the  brains  of  the  two  sexes. 

An  examination  of  the  figures  of  itable  I  shows  that  the  group  of 
"most  ataxic"  pigeons  had,  among  the  five  groups  compared,  the 
highest  percentage  of  water,  protein  and  extractive  sulfur;  and  the  low- 
est percentage  of  lipoids,  phosphatides,  and  cholesterol.  The  "more 
ataxic"  group  has  percentage  values  which  are  intermediates  of  those 
of  the  "slightly  ataxic"  and  "most  ataxic"  groups  in  practically  all  of 
the  above-mentioned  fractions. 

Our  own  study  of  these  data  inclines  us  to  the  vieW  that  the  brains 
of  the  ataxic  pigeons  tend  to  remain — from  a  chemical  standpoint — 
in  a  juvenile  or  infantile  condition.  The  departures  of  the  variouo 
chemical  constituents  of  the  ataxic  brains  from  the  normal  are  con- 
sistent with  the  differences  known  to  exist  between  the  brain  of  the 
young  and  the  adult.  Concerning  the  relation  of  age  to  the  chemical 
composition  of  the  human  brain  W.  Koch  (3)  concluded  as  follows: 

Analysis  of  the  brain  at  different  ages  shows  that  with  the  growth  of  the  brain 
there  b  a  decrease  in  the  amount  of  moisture,  proteiiu,  extractives  and  ash;  and 
the  cerebrins,  lipoids  and  oholesterin  increase.    Also  there  is  an  increase  in  the 
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lipoid  sulfur  and  phoaphorua  and  a  decrease  in  the  neutral  and  inorganic  sulfur 
(•^extractive  sulfur  in  tables  1  and  2  of  the.  present  paper)  and  extractivs 
phosphorus. 

Koch's  published  figures  on  the  relation  of  age  to  chemical  composition 
of  the  human  brain  are  placed  by  us  in  table  1  to  facilitate  a  compari- 


TABLE  1 

ConsliluenU  of  pigeons'  brains  in 

percentage  of  solids 

.|1 

i 

3? 

S 

"33 

"™eo2l^^""' 

aaovr 

.w^. 

ly«u> 

'"-» 

Water  in  per  cent 

79,52 

49.72 
37.15 
13.13 

22.99 
6.10 
7.37 

79-57 

50.86 
36.42 
12.72 

22.39 
<8.08) 
7.08 

80,25 

52.10 
34.87 
12.90 

21.91 
6.26 
6.80 

79  83 

50.73 
37.08 
12.19 

23.52 
6  33 
7,50 

79.97 

19.99 
36,76 
13.24 

22.93 
e,48 
7,01 

88.78 

46,6 
33,1' 
20,3 

24,2 
1,6 
1,9 

80.47 

40  1 

47,4* 
12,5 

25.5 

8,7 

76,42 

Lipoids 

52.0* 

Phosphatides 

27.3 

Distribution  of  sulfur 

0,527 
0,122 
0.105 

0.496 
(0.161) 
0.104 

0  520 

0.128 
0  118 

0483 
0,126 
0.084 

590 
17-0 
34.0 

Lipoid  sulfur 

0,129 
0,099 

6t 

32t 

Extractive  sulfur 

15,0 

0.754 

(0.761) 

0,766 

0,694 

0668 

0,52 

0,68 

Distribution  of  phosphoi 


Lipoid  phosphorus 

Extractive* phosphorus, . 

0,272 
0,892 
0,341 

028B 
0,869 
0  328 

0.268 
0,850 

0,326 

0,285 
0,912 
0,304 

0,295 
0,889 
0345 

5t 
54t 
4U 

6.0 
67.0 

27.0 

5,0 
72,0 
23,0 

Total  phosphorus 

1  503 

1  486 

1,444 

1,502 

1.529 

1,72 

1,48 

1,45 

•  Total  lecithin 
t  Sulfur  in  per 
t  Phosphorus  ir 


kephalins,  cerebrins  and  cholesterin. 
;nt  of  total  sulfur, 
per  cent  of  total  phosphorus. 


son  between  the  ataxic  and  normal  pigeon  brains  in  the  light  of  the 
known  changes  in  composition  due  to  age. 

It  may  be  noted  that  the  total  phosphorus  in  the  ataxic  brains  is 
somewhat  less  than  in  the  normal.     This  is  contrary  to  expectation 
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from  the  etandpoint  of  the  figures  given  for  the  relation  of  age  to  phos- 
phorus content  in  the  human  brain.  It  will  be  seen,  however,  that  in 
the  more  complete  figures  given  for  the  rat'a  brain  (appended  to  table 
2)  slightly  leas  phosphorus  was  found  in  the  10-day  than  in  the  12(>-day 
rat.  The  slightly  lower  total  phosphorus  values  found  in  the  ataxics 
as  compared  with  normals  is  therefore  possibly  not  valid  evidence 
against  the  juvenile  character  of  the  ataxic  brains. 

Details  of  the  distribution  of  sulfur  and  phosphorus  calculated  in  per 
cent  of  total  sulfur  and  totral  phosphorus  are  given  in  table  2.  To  table 
2  are  added  for  comparison  the  same  fractions  obtained  from  albino  rats 
of  various  ^es.  These  figures  {thus  calculated)  obtained  on  the  rat 
indicate:  a,  Protein  sulfur  is  present  in  smallest  amounts  in  the  young- 
est stages.  The  "more  ataxic"groupof  brains  seems  to  show  thissmall- 
est  proportion  of  protein  sulfur,  b,  Lipoid  sulfur  is  similarly  present  in 
smallest  amounts  in  the  youngest  stages  of  the  rat.  The  ' '  slightly 
ataxic"  and  "most  ataxic"  groups  of  pigeons  show  lower  values  than 
either  of  the  two  normal  groups,  c.  Extractive  sulfur  is  present  in 
greatest  amount  in  the  youngest  stages  of  the  rat.  It  is  piesent  in 
greatest  amount  in  the  "m(«t  ataxic"  pigeons,  d,  Protein  phosphorus 
ia  apparently  less  in  rat«  of  twenty  days  than  in  either  older  or  youngei 
stages.  The  five  groups  of  pigeons  brains  show  no  consistency  in  this 
figure,  either  in  reference  to  ^e  or  to  affected  and  unaffected  brains. 
e,  Lipoid  phosphorus  is  lowest  in  youngest  rats.  It  is  lowest  in  the 
much  younger  normal  pigeons  but  plainly  lower  in  the  three  groups  of 
.  ataxics  than  in  the  older  normals.  /,  Extractive  phosphorus  is  found  in 
greatest  relative  proportion  in  the  youngest  stages  of  the  rat.  All 
three  groups  of  "ataxic"  pigeons  show  higher  values  than  do  the  older 
group  of  nonnals,  but  values  in  close  agreement  with  those  of  the 
much  youi^er  normals. 

DISCUSSION 

There  are  several  questions  which  naturally  arise  in  connection  with 
an  examination  and  interpretation  of  the  analytical  results  obtained  on 
these  pigeon  brains.  We  have  sought  to  supply  data  probably  use'ul 
as  giving  answer  to  some  of  those  questions,  in  the  form  of  tables. 

Tables  3  and  4  show  that  the  body  weight  and  brain  weight  of  the 
males  used  were  greater  than  those  of  the  females  and  that  the  average 
age  of  the  males  was  less  by  fifteen  days.  There  is  little  of  real  imma- 
turity, however,  in  either  group,  the  youngest  birds  (table  4)  of  either 
sex  showing  brain  weights  nearly  or  quite  equal  to  the  average  for  their 
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Dittribution  of  avifvr  and  phosphorue  in  percetitage  of  total  sulfur  and  lolai 
phoephorttt 


,«.„ 

• 

" 

«. 

- 

- 

69.88 
18,18 
13.94 

65.12 
(21.22) 
13.66 

67.93 
16.70 
16.  S7 

69-64 
18.24 
12.12 

Lipoid  BuUur 

Total  sulfur  (in  per centofBolida)., 

0.7H 

(0.761) 

0.766 

0-694 

0.668 

18,09 
S9.25 
22.fl6 

19.46 
58.44 
22.10 

18.62 
68.88 
22,60 

19.00 
60.77 
20.33 

ToUl  phoaphorua  (id  per  eeat  of 
solids)    .     .. 

1.503 

1.486 

1.444 

1.602 

The  s&me  chemical  groups  in  albiao  r&t  of  different  ages  for  comparison  (14) 


«™».T. 

1 

ID 

K 

« 

110 

;  31.10 

"130.00 

;    3.20 
\    2.80 

/  65.70 

\  67.20 

48.60 
44.20 

6.10 
6.70 

49.20 
«.70 

67.60 
66.80 

6,70 
7,80 

36,80 
37,20 

65.10 
62,40 

9.20 
10.10 

26.70 
27.60 

61.20 

Lipoid  sulfur 

12,80 

26,00 

Total  sulfur  (in  per  cent  of  Bolids).. 

/    0.96 
\    1.04 

0.72 
0.83 

0,69 
0,70 

0,68 
0,52 

0,66 
0,57 

;  13.30 

/  33.20 
\  33.00 

/  63.80 
\  53.60 

13.00 
13.00 

33,80 
36.10 

63,20 
60,00 

6,00 
5,80 

52.20 
63.60 

41,80 
40.70 

9.90 
7,60 

66.10 
68,60 

34,00 
34.00 

7,40 

65,80 

26.80 

Total  phosphorus  (in  per  cent  of 

i    1,82 
\    1.92 

1,28 
1.48 

1.66 
1,67 

1,55 
1.50 

1.40 

*  I>uplicat«  analyses  throughout  this  part  of 

TBI  ^uauCAM  lOVMKAS.  (V  FimoLOHT.  TOL.  IT.  HO.  1 
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TABLE  S 

Data  on  the  age,  aez,  brain  wnoK  body  teeight  and  degree  of  ataxia  of  the  five 
groupi  of  pigeone  wkieh  supplied  tampUs  for  aruUysis 


MB  or 

■lIUfD 

... 

<r«OBT 

■ODT 

I 

subtly  ataxic 

9M367 
QM355 
9K143 
9K175 
9K13ft 

125 
129 
143 
183 
249 

frgiu 

1.780 
1.831 
1.606 
1.835 
1.867 

332 
309 
297 
308 

325 

Ave 

166 

1.784 

314 

More  ataxic 

7K249 
5M31fi 

69 
127 

I  811 
1.813 

292 

I 

336 

98 

1.812 

314 

II 

Males  (3) 

c?M3460 
d-KlSl 
cfKiao 

124 
161 
182 

1.943 
1.978 
1-966 

340 
331 
358 

166 

1.959 

343 

An 

133 

1.900 

331 

MoBt  ataxic 

9K242 
9K220 
9K182 

S3 
158 
186 

1.800 
1.870 
1.736 

309 
303 
340 

I 

III 

Average 

142 

1.735 

317 

cTKlTO 

172 
191 

1.842 
1.897 

360 

I 

326 

182 

1.870 

Ave 

158 

1.789 

328 

Normal  (older) 

Pemales  (3)                 \ 

9K197 
9K124 
9K117 

181 

186 
216 

1.743 
1.782 
1.935 

362 
349 
349 

IV 

194 

1.82 

Males  (2) / 

d-Kiea 

158 
173 

2,082 
1.855 

367 
382 

Average 

166 

1.968 

374 

Ave 

183 

1.879 

362 
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TABLE  i-CimtMvid 


»^l 

.„„.»„.„„ 

"'uir.i 

.0. 

wTo'^ 

BOI>I 

Nonnal  (younger) 

d"K2fl4 

rf'K277 
crK260 
cfM301 

ri'K222 

dam 

69 
S3 
109 
123 
144 

1.809 
1.900 
1.940 
2.065 
1.895 

324 
357 

342 
380 

Atbi 

,           . 

106 

1.922 

•  The  age  of  each  bird  moludea  the  whole  of  its  incubation  period. 


Males  and  females  vihoae  brains  u)ere  analysed  listed  separately  dind  i: 
increasing  age 


BodT 


K249  (more  ataxic) 

K2^  (most  ataxic) 

M3S7  (elightly  ataxic).. 

M31S  (more  ataxic) 

M355  (elightly  ataxic). 
K143  (alightiy  ataxic) . . 
K220  (most  ataxic)... . 

KI97  (normal) 

K176  (slightly  ataxic).. 

K182  (moat  ataxic) 

K124  (norm^) 

K117  (normal) 

K136  (slightly  ataxic).. 

Average 


K204  (normal) 

K277  (normal) 

K260  (normal) 

M301  (normal) 

M3450  (more  ataxic) . 

K222  (normal) 

K195  (normal) 

KI8I  (more  ataxic)... 
K166  (most  ataxic)... 

K163  (normal) 

K180  (mom  ataxic)... 
K170  (most  ataxic)... 


1785  324        Average 1411 


sex.  The  additional  fact  may  be  stated  here  that  our  determinatioD 
of  the  body  weights  of  several  much  older  birds  of  this  strain,  noimals 
and  ataxics,  indicates  an  average  body  weight  scarcely,  if  any,  higher 
than  that  shown  in  the  birds  which  supplied  the  samples  for  analysis. 
It  is  not  yet  definitely  known  whether  the  brain  weight  of  these  birds 
increases  beyond  the  age  represented  by  the  birds  used  in  our  analyses; 
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the  fact  referred  to  above,  however,  concenung  the  approximate  aver- 
age brain  sise  of  the  youngest  birds  selected,  would  argue  against  any 
later  considerable  increase  in  brain  weight. 

A  summary  comparison  of  some  of  our  results  with  those  of  earlier 
investigations  on  the  pigeon's  brain  is  given  in  table  5.  Lukjanow  (4), 
who  seems  to  have  used  a  smaller  variety  or  speciea  of  pigeon  than  ours, 
published  no  data  as  to  the  variety  or  the  age  of  the  birds  studied  by 
him.  Funk  (5)  also  failed  to  note  the  age  of  the  pigeons  used  in  his 
studies.  The  brain  weights  and  body  weights  of  his  birds  indicate 
that  in  these  rrapects  the  birds  used  were  fairly  comparable  with  those 
used  by  us. 

The  questions  just  raised  concerning  brain  size  and  body  size  perhaps 
deserve  a  short  additional  statement.  Our  ataxic  birds  were  scHnewhat 
undersized  as  compared  with  the  normals  although  not  markedly  so;  and 
the  fact  that  the  older  ataxics  were  larger  than  the  younger  ataxics, 
essentially  in  the  order  of  age,  makes  it  reasonably  clear  that  these 
birds  had  grown  continuously  although  more  slowly  than  the  normals. 
It  is  possible  that  the  "most  ataxic"  birds,  becaiise  of  the  extreme 
awkwardness  of  movement,  sometimes  failed  to  obtain  as  much  food 
as  they  wanted.  On  this  point  it  may  be  noted  that  Hatai  (6)  has 
shown  that  temporary  underfeeding,  in  the  albino  rat,  leaves  unchanged 
the  relation  of  brain  weight  to  body  weight.  Donaldson  (7)  observed  a2.5 
per  cent  increase  in  the  relative  brain  weight  of  rate  given  special  oppor- 
tunities for  voluntary  exercise.  It  is  probable  that  the  ataxic  pigeons 
do  not  exercise  as  much  as  the  normals  and  part  of  the  discrepancy  in 
brain  we^ht  of  these  ataxics  may  be  thus  explained. 

The  studies  of  Mott  (8),  Carlyll  and  Mott  (9)  and  S.  A.  Mann 
(10),  on  the  brains  of  children  dead  of  amaurotic  dementia  (Tay- 
Sach's  disease)  are  of  much  interest  in  the  present  consideration  of 
the  chemical  composition  of  the  brain  in  hereditary  mental  disease. 
Attention  can  here  be.  directed,  however,  only  to  some  seemingly  sig- 
nificant agreements  in  the  two  series  of  data  and  to  the  nature  of  the 
interpretations  offered  by  the  above-mentioned  investigators  for  the  ob- 
served chemical  composition  of  the  brain  in  amaurotic  dementia. 

The  results  of  Mott  and  of  Mann'  indicate  higher  moisture  values  in 
this  disease.  Notably  less  hpoid  phosphorus  and  sulfur  with  a  correspond- 
ing increase  of  theextractiveformswerefound.  'The  values  in  theaffected 
brains  for  total  extractives,  cerebrosides  and  cholesterol  seem  unchanged 

'  Mann's  analyeee  were  carried  out  by  the  method  of  W.  Koch. 
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A  eompartMon  of  preienl  (normal  and  atone)  wiUi  earlier  data  obtained  fro 
itueatigatiom  on  the  pigeon' i  brain 


292.6 
256. S 

1.908 
1.850 

79,94 
80,37 

Lukjanow 

» 

274.6 

1.879 

80,16 

. 

320 

1.80 

78.62 

iv(3«) 

'362 
360 

1.879 
1.922 

79.83 
79.97 

"\2(?;.- 

Koch  and  Riddle 

Averaee 

361 

1.900 

79.90 

Experimentat  (and  abnormal) 


Starved  for: 

299  to  189 
274  to  190 

1.881 
1.887 

79.73 

79.82 

. 

287  to  190 

1.8S4 

79.78 

Lukjanow 

Starved  till  dead  (^ 

288  to  159 
242  to  149 

82.44 
80,79 

265  to  154 

81.62 

300  to  232 
314  to  269 
352  to  269 

1.76 
1.82 

1.98 

79.42 
78.60 
78.14 

i 

322  to  263 

1.85 

78.69 

I.  Slightly  ataxic  5  9 

I'2« 

314 
331 
S33 

1.784 
1.900 

1.789 

79.52 

79,57 
80.25 

11.  More  ataxicj  3^ 

fa? 

Koch  and  Riddle 

Averane 

328 

1.824 

79.78 
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01-  inconsistently  changed.  A  very  pronounced  change  was  found  in  the 
relation  of  nucteo-proteinB  to  BJmple  proteins.  The  former  were  much 
decreased.  This  result  also  is  paralleled  !n  the  pigeon  brains,  as  will 
be  seen  from  the  following  calculation'  of  the  amount  of  nucleo-protein 
in  the  five  groups  of  pigeon  brains:  I,  5.94;  II,  6.38;  III,  5.78;  IV, 
6.30;  V,  6.61.  Perhaps  the  most  noticeable  difference  in  the  affected 
human  and  pigeon  brains  is  that  total  sulfur  and  total  phosphorus  wcie 
both  found  by  Mann  to  be  decreased  in  the  human,  while  in  the  pigeon 
we  find  the  total  phosphorus  decreased  and  the  total  sulfur  increased. 
The  chemical  variations  from  the  normal  as  observed  in  the  ataxic 
pigeon  brains  and  in  human  amaurotic  dementia  are  apparently  alike 
in  kind. 

The  above-naentioned  workers  did  not  in  general  interpret  their 
results  in  terms  of  infantilism  or  under-development.  The  following 
quotations  from  their  publications,  which  are  alsq  concerned  with  clini- 
cal and  histological  studies,  are  given  as  indicative  of  their  interpreta- 
tions and  ( onclusions : 

Mott  (1905)  states  that 

The  profound  affection  in  the  phyaiologic&l  fuDctions  of  the  central  nerroua 
eystem  which  characterizes  this  disease  may  be  especially  associated  with  a  bio- 
chemical change  in  the  metabolism  of  the  nucleus.  The  cause  of  this  regressive 
metabolic  metaroorphosiH  may  be  an  inherent  lack  of  specific  energy,  racial  or 
familial,  of  the  neurones  and  possibly  some  hitherto  undiscovered  bio-chemical 
alteration  of  the  blood  or  lymph.  The  existence  of  the  neuro-fibrils,  which  may  be 
regarded  as  the  conductile  structure  of  the  neurones,  which  clinical  facts  tend 
to  show  had  ceased  to  function,  would  support  the  view  either  that  the  Niasl 
subetaucewhichhaddisappearedwaaitBelf  an  important  agent  in  neural  function, 
orthatit  was  an  antecedent  of  a  substance  at  the  synapses.  The  increase  of  neu- 
roglia fibril  substance  to  an  abnormal  degree  in  case  I,  so  that  the  brain  weighed 
heavier  than  that  of  a  normal  adult,  accounts  for  the  large  amount  of  simple  pro- 
teins and  the  great  diminution  of  nucleo-proteine. 

Carlyll  and  Mott  later  (1911)  examined  seven  cases  of  Tay-Sach's 
disease,  two  of  which  were  analyzed  chemically  by  Mann.  These 
authors  conclude  that  the  cause  of  this  disease  is  "  probably  a  failure  in 
the  germinal  determinants  of  the  nervous  system  peculiar  to  the  Jew- 
ish race,"  and  set  forth  the  hypothesis  that 

It  may  be  due  to  a  failure  in  the  nuclear  material  of  the  neurone  to  build  up  the 
nucleo-protein  NissI  substance  out  of  lipoid  substances  contained  in  the  cyto- 

*  Obtained  from  protein  phosphorus  by  factor  (1,75.4)  aa  worked  out  by  Levene 
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plaani  which  first  has  Ui  be  decomposed  by  nuclear  ferntenta The 

chemical  analysis  doea  not  throw  much  light  upon  the  question;  thedimioutioaof 
the  lipoid  form  of  phosphorus  and  sulfur  is  probably  due  to  the  diminution  of 
myelin  owing  to  the  failure  of  development'  of  the  myelinated  fibers.  The 
corresponding  increase  of  extractive  forms  of  phosphorus  and  sulfur  may  be 
possibly  due  to  a  breaking  down  of  the  more  complex  to  simpler  forms  of  lipoids. 

MaDD  states  that  some  (not  all)  of  the  changes  observed  "may  be 
explained  as  the  result  of  nutritive  changes." 

We  believe  that  the  care  used  in  the  preparation  of  the  five  groups 
of  brains  and  the  degree  of  accuracy  of  the  methods  of  analysis  justify 
our  conclusions  concerning  the  differences  found  in  the  analytical 
results.  We  hope,  however,  to  be  able  further  to  test  and  amplify 
the  results  reported  here  by  an  investigation  in  which  the  cerebellum 
is  analyzed  apart  from  the  remainder  of  the  encephalon. 

The  birds  used  are  all  inbred  for  two  to  four  generations.  The  orig- 
inal ataxic  female — which  arose  under  conditions  known  in  pigeons  to 
produce  weakened  germs, — is  a  common  ancestor  of  them  all  (normals 
and  ataxics).  The  stock  is  mongrel  common  pigeon  but  nearly  all  of 
the  birds  are  three-fourths  homer  (C.  tabellaria)  and  one-fourth  mon- 
grel; a  few  are  about  one-fourth  rock-pigeon  (C  livia).  Since  the  de- 
rangement (ataxia?)  characteiistic  of  these  birds  arose  as  a  wide  varia- 
tion (mutation?)  under  conditions  known  (12)  to  favor  or  induce  the 
production  of  females,  individuals  of  shorter  life-term,  and  less  vigor, 
it  is  of  added  interest  that  the  chemical  composition  of  these  ataxic 
brains  indicate  a  retardation  or  restriction  of  the  development  Of  an 
important  part'  of  the  central  nervous  system. 


The  brains  of  birds  which  have  very  httle  control  of  the  voluntary 
movements  (ataxia?)  have  been  analyzed.  The  data  thus  obtained 
are  compared  with  similar  data  obtained  on  the  brains  of  normal  birds 
of  the  same  parentage. 

The  derangement  first  appeared  (mutation?)  under  conditions  known 
to  lead  to  weakness  in  the  offspring.  The  disorder  is  exhibited  in  all 
degrees  and  has  been  inherited  undimmished  to  the  fifth  generation. 

*  This  statement  is,  of  course,  somewhat  similar  in  nature  to  the  interpretation 
applied  generally  bj^  the  authors  of  the  present  paper. 

*  It  is,  of  course,  not  necessarily  to  be  inferred  that  the  whole  of  the  encephalon 
is  chemically  under-differentiated.  Possibly  some  particular  localized  areas 
are  solely  or  chiefly  involved. 
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Usually  it  ia  shown  from  the  earliest  age  of  the  bird  and  is  probably 
present  throughout  the  whole  development  of  the  bird. 

The  brains  of  the  affected  individuals  show  increased  values  for 
moisture,  protein  and  extractive  sulfur;  decreased  values  for  Upoids, 
phosphatides  and  cholesterol.  In  general  the  less  ataxic  individuals 
show  values  intermediate  to  those  of  the  normals  and  most  ataxics. 
The  distribution  of  sulfur  and  phosphorus  in  the  various  chemical 
fractions  was  determined. 

The  results  of  the  analyses  of  the  affected  brains  are  interpreted  as 
suggesting  a  chemical  under-differentiation  or  immaturity  of  these 
brains.  The  brains  of  affected  birds  of  approximately  mature  age  are 
chemically  more  hke  the  brain  at  earlier  stages  of  development. 
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In  the  series  of  experiments  in  which  we  undertook  to  investigate 
the  poseibiUties  of  the  lunj;  aa  an  aerotonometer,  we  used  in  the  first 
instance,  for  purposes  of  comparison, one  of  Krogh's  aerotonometers  (1). 
Important  difficulties  were  encountered  in  using  this  tonometer. 
First,  the  time  taken  to  reach  equiUbrium,  Under  favorable  condi- 
tions it  takes  at  least  twenty  minutes  and  usually  longer  owing  to  the 
fact  that  the  blood  tends  to  run  in  streaks  down  the  tube,  thus  dimin- 
ishing the  surface  available  for  diffusion.  Second,  only  a  small  quan- 
tity of  gas  is  obtainable  for  analysis  and  since  it  is  desirable  that  all 
analyses  be  made  in  duplicate,  this  is  a  serious  drawback. 

The  following  is  a  description  of  a  new  type  of  aerotonometer  designed 
by  the  late  Prof.  T.  G.  Brodie,  which  has  been  found  to  be  very  satis- 
factory. It  consists  of  two  horizontally  placed  glass  cylinders,  one  in- 
side the  other.  The  outer  tube  is  236  mm.  in  length  and  27  mm.  in 
outside  diameter.  At  either  end  the  tube  is  flanged  to  30  mm.;  the 
inside  diameter  is  23.5  mm.  The  inner  tube  is  suppoHed  by  a  ground 
glass  joint  to  one  extremity  of  the  outside  tube.  Its  length  is  223  mm. 
and  outside  diameter  18  mm.  It  ie  closed  at  its  free  end  and  the  other 
end  projects  20  mm.  from  the  outside  tube  to  afford  attachment  to  a 
wheel  which  is  revolved  by  belting  from  the  shafting.  The  outer 
tube  rotates  on  a  ground  glass  surface,  about  a  rubber  cork  surrounded 
by  a  shell  of  ground  glass.  This  cork  fits  into  the  other  flanged  end  of 
the  outside  tube.  Through  the  cork  pass  three  tubes;  a  fine  silver  tube, 
A ,  to  bring  the  blood  into  the  tonometer;  a  thick  glass  tube,  V,  which 
carries  the  blood  back,  and  another  fine  silver  tube,  X,  from  which  air 
samples  may  be  taken.  The  blood  enters  through  the  fine  silver  tube, 
situated  lowest  in  the  cork.  This  tube  carries  the  blood  to  the  far 
end  of  the  apparatus.  The  blood  is  returned  by  the  middle  thick  glass 
tube  which  dips  down  to  the  bottom  of  the  tube  immediately  on  its 
entrance.     The  space  between  the  two  cyhnders  is  kept  half  full  of 
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blood  so  that  the  upper  half  is  filled  with  gas.  The  fine  silver  tube  en- 
tering fom  the  top  of  the  cork  is  in  communication  with  this  gas.  On 
its  exit  the  tube  bifurcates,  one  limb  leading  to  a  manometer,  M,  and 
from  the  other  limb  samples  of  this  gas  may  be  extracted  for  analysis. 


Specific  surface 


FiR.    1 

The  volume  between  the  two  cylinders  is  about  34  ce.  When  half 
full  of  blood  this  leaves  15  cc.  of  gas,  an  ample  volume  for  several 
analyses. 

In  estimating  the  relative  value  of  different  tonometers,  great  stress 
has  been  laid  on  the  "specific  surface"  which,  as  defined  by  Krogh  (2), 
is  the  ratio  of  the  volume  of  gas  in  cubic  centimeters  to  the  surface 
available  for  diffusion  in  square  centimeters. 

The  specific  surface  of  this  tonometer  is  about  7.3,  as  shown  in  the 
following  calculation. 

Area      i{2iryl+2Ty'l)   ^        2Tl{y+y') 
'  Volume    i  (2r-^l  ~  vy'^i)        rl(y  +  y')  (7-7') 
2  2 

7-7'  ""  0.275  " 
where  I    =  length  of  inner  cylinder. 

y  =  radius  of  inner  surface  of  outer  cylinder  =  1.76. 
7'  =  radius  of  outer  surface  of  inner  cylinder  =  0.9. 

The  thickness  of  the  films  of  blood  on  both  the  inner  and  outer  tube 
would  appreciably  diminish  the  volume  of  gas  and  thus  increase  the  rela- 
tion of  area  to  volume  so  that  the  apparatus  has  probably  an  actual 
specific  surface  of  about  10. 

Compared  with  older  tonometers  on  this  basis  no  special  advantage 
has  been  obtaiued.  The  earliest  used,  Pfltiger's,  had  a  specific  surface  of 
3.3  while  the  latest  pattern  of  Krogh's  (leaving  aside  his  micromon- 
ometer)  has  a  specific  surface  of  about  30.  But  it  must  be  here  pointed 
out  that  the  rapidity  of  diffusion  depends  not  alone  on  the  specific 
surface,  but  also  on  the  rate  or  renewal  of  that  surface. 
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With  each  rotation  of  the  tonometer  a  new  surface  of  blood  ia  pre- 
sented for  diffusion  whereby  the  exchange  of  gases  is  greatly  facilitated. 
It  would  seem  desirable  then,  to  employ  as  a  unit  in  comparing  aero- 
tonometers  the  "specific  surface  per  minute;"  that  is  to  say,  the  sur- 
face in  square  centimeters  divided  by  the  volume  of  gas  in  cubic 'Centi- 
meters and  multiplied  by  the  number  of  times  that  surface  is  renewed 
per  minute. 

The  tonometer  was  usually  revolving  at  the  rate  of  30  revolutions 
per  minute  bo  that  the  "specific  surface  per  minute"  of  this  apparatus 
may  be  put  at  300. 

It  is  not  easy  to  calculate  the  specific  surface  per  minute  of  Krogh's 
apparatus  but  it  would  probably  reach  a  value  of  100,  as  indicated  in 
the  following  estimation. 

Air  space  5-15  cc.  say  10. 

Rate  of  flow  of  fluid  15-44  cc,  minutes  say  30. 

Specific  surface  20-33  say  30. 

30 

Specific  surface  per  mmute — tz  X  30-90 

To  ascertain  the  equifibrium  time  of  the  tonometer  a  series  of  experi- 
ments was  undertaken  in  which  a  quantity  of  defibrinated  b!ood  was 
circulated  through  the  apparatus  and  samples  of  gas  extracted  at  dif- 
ferent times.  The  perfusion  apparatus  used  was  the  same  as  that  em- 
ployed in  the  experiments  un  the  excised  lung  (3). 

The  following  experiments  will  serve  to  indicate  the  accuracy  of  the 
method  and  the  time  taken  for  equilibrium  to  be  attained. 


FAruary    10.    }9tt. 
Temperature  18°C. 


Dog's  blood  defibrinated.    Barometer  75£  i 
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February  10,  /PIJ.— Continued. 
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March  to,  19tt.  135  cc.  of  defibrinated  dog's  blood  in  the  syBtem.  Rate  o 
flow  70  cc/niinuteB.  Circulation  time  once  every  2  minutes.  Barometer  755  mm 
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DISCUSSION 


In  the  experiment  of  February  10,  the  sample  of  gas  taken  after  the 
blood  had  been  in  contact  with  the  gas  in  the  tonometer  for  15  minutes 
showed  the  same  tension  as  the  sample  taken  after  10  minutes.  In  the 
one  of  February  13,  the  last  set  of  samples  which  was  taken  5  and  10 
minutes  after  air  was  expired  into  the  tonometer,  differed  to  an  extent 
greater  than  could  be  accounted  for  by  experimental  error.  The  factor 
of  the  rapidity  with  which  the  blood  is  circulating  would  modify  the 
results  obtained  and  in  the  experiment  of  April  9,  this  point  was  taken 
into  account  by  measuring  the  rate  of  blood  flow.  The  figures  obtained 
in  this  instance  show  that  when  a  good  rate  of  flow  is  obtained,  equilib- 
rium is  reached  within  15  minutes,  and  probably  in  10  minutes  as 
shown  in  th«  experiment  of  February  10. 

CONCLTJaiONS 

A  new  type  of  aerotonometer  is  described  in  which  equilibrium  be- 
tween blood  and  air  was  reached  certainly  in  fifteen  minutes,  and  with 
a  good  rate  of  flow  in  ten  minutes. 

It  possesses  the  further  advantage  of  providing  abundant  gas  for 
duplicate  analyses. 

The  credit  of  designing  this  apparatus  belongs  exclusively  to  the  late 
Prof.  T.  G.  Brodie;  my  small  contribution  consisted  in  carrying  out  the 
experiments  and  the  responsibility  for  the  accuracy  of  the  gas  analyses 
rests  with  me. 

In  some  experiments  in  which  the  rate  of  flow  through  the  system 
was  not  observed,  equihbrium  was  not  reached  in  10  minutes.  Several 
experiments  were  then  undertaken  in  which  the  rate  of  flow  was  par- 
ticularly attended  to. 

The  rate  of  flow  was  estimated  by  diverting  the  flow  for  a  few  seconds 
from  the  rubber  tube  where  it  leaves  the  tonometer  into  a  graduated 
cylinder.  The  time  was  determined  by  a  stop  watch.  Several  read- 
ings were  taken,  the  blood  withdrawn  being  restored  to  the  circulation 
after  each  estmiation  throi^h  the  funnel.  (See  description  of  the 
artiflcial  circulation  in  the  article  "The  lung  as  an  aerotonometer.") 
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In  contemplating  some  experiments  which  required  that  thegaseous 
tension  of  the  blood  in  a  living  animal  be  quickly  and  accurately  deter- 
mined, the  need  of  an  efficient  aerotonometer  wae  encountered. 

From  a  priori  considerations  an  excised  lung  would  seem  to  afford  an 
ideal  aerotonometer  on  the  supposition  that  the  alveolar  surface  of  an 
excised  lung,  when  perfused,  acted  solely  as  a  physical  structure.  Here 
the  blood  is  spread  out  in  an  exceedingly  fine  layer,  approximating  to 
the  thickness  of  one  blood  corpuscle  and  exposed  to  the  process  of 
diffusion  with  the  air  in  the  alveoli.  The  area  of  surface  of  exposure 
of  the  blood,  measured  in  square  centimeters  is  more  than  two  hun- 
dred times  the  volume  of  air  enclosed  in  the  alveoh,  measured  in  cubic 
centimeters.  Moreover  in  a  perfused  lung  this  surface  of  blood  is 
rapidly  renewed. 

To  test  this  hypothesis  the  following  experiments  were  performed. 
In  the  first  series  of  experiments  the  inflated  excised  lung  was  perfused 
through  its  vessels  with  defibrinated  blood  and  at  various  intervals  a 
sample  of  gas  was  withdrawn  from  the  trachea  for  analysis.  If  suc- 
cessive samples  of  gas  showed  the  same  composition,  the  gaseous  pres- 
sure remaining  constant,  it  would  indicate  that  equilibrium  between  the 
gases  in  the  blood  and  the  gases  in  the  alveoli  had  been  attained. 

An  inflated  human  lung  has  a  capacity  of  about  3700  cc.  and  a  surface 
available  for  exchange  of  gases  of  about  90  sq.  m.  This  would  mean 
a  specific  surface  (area  of  exchange  surface  in  square  centimeters  di- 
vided by  volume  of  gas  enclosed  in  cubic  centimeters)  of  about  240, 


In  these  experiments  a  dog  was  bled  to  deathj  the  blood  was  whipped 
and  filtered  through  glass  wool.  The  thorax  was  opened  and  cannulae 
inserted  into  the  pulmonary  artery,  before  its  bifurcation  and  into  the 
left  auricular  appendix.  A  strong  hgature  was  tied  around  the  heart 
so  as  to  close  the  auricular-ventricular  openings  and  thus  the  systemic 
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circulation  was  excluded.  A  glasB  tube  was  inaerted  into  the  trachea 
and  was  connected  by  rubber  tubing  with  a  mercury  receiver.  By  raising 
and  lowering  this  receiver  the  air  in  the  lung  alveoli  was  mixed  with  the 
dead  space  air.     Gas  samples  could  be  extracted  from  a  side  tube. 

Figure  1  is  a  diagram  of  the  artificial  circulation  through  which  the 
defibrinated  blood  was  perfused,  the  blood  being  introduced  through 
the  funnel  X,  which  is  closed  by  a  weighted  mercury  stopper.  About 
250  cc.  of  blood  are  required  to  fill  the  system  of  tubes  and  the  blood 
vessels  of  the  lungs.  A  mean  air  pressure  is  transmitted  to  a  rubber 
bag,  B,  which  acts  upon  the  blood  contained  in  the  arterial  glass  reser- 
voir, Rl.    This  aif  pressure  is  obtained  by  attaching  a  tube  from  the 


Fig.  1. 


water  tap  and  directing  it  into  a  large  10  liter  jar,  F,  tightly  corked. 
The  water  runs  away  from  the  large  orifice  at  the  bottom  of  the  jar, 
and  this  exit  is  provided  with  rubber  tubing  and  a  screw  clamp.  By 
tightening  this  screw  the  rate  of  outflow  may  be  lessened  and  thus  the 
pressure  of  air  in  the  jar  above  the  water  is  increased.  On  the  path  of 
the  tubing  between  the  jar  and  the  arterial  reservoir  are  two  side  tubes. 
One,  D,  serves  as  a  manometer;  the  other  side  tube,  E,  dips  into  the 
long  cylinder  containing  mercury  and  by  altering  its  depth  in  the  mer- 
cury the  pressure  in  the  system  is  regulated.  The  blood  is  driven  into 
the  arterial  reservoir,  Rl,  by  the  pump,  C,  a  rubber  bag  alternately  com- 
pressed and  relaxed  by  a  crank  movement,  K,  operated  by  s  motor. 
The  pump  is  provided  with  a  ground  glass  valve,  V,  of  well-known  de- 
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sign,  which  insures  that  the  direction  of  flow  shalf  be  toward  the  arterial 
reservoir.  From  the  arterial  reservoir  the  blood  is  driven  through  rubber 
tubing  into  the  puhnonary  art«ry  and  collected  again  by  the  cannula  in 
the  left  auricular  appendix  and  sent  into  another,  the  venous  reservoir, 
R2.  The  venous  reservoir  is  a  thick  glass  tube  exactly  similar  to  the 
arterial  one,  provided  with  an  elastic  bag  by  means  of  which  the  venous 
pressure  may  be  altered  by  blowing  into  the  tube  inserted  into  the 
cork  which  clwes  the  open  end.  The  blood  from  the  lungs  enters  the 
venous  reservoir  at  the  corked  end  of  the  tube  and  leaves  the  reservoir 
from  the  opening  at  the  opposite  end.  From  this  point  the  blood  is 
returned  to  the  valve  by  tubing  and  the  circulation  is  completed.  The  . 
return  flow  is  assisted  by  gravityj  the  valve  "being  placed  lower  than 
the  venous  reservoir.  In  the  first  series  of  experiments  the  lung  wM 
perfused  with  defibrinated  dog's  blood. 

The  lungs  are  inflated  and  the  trachea  is  attached  by  rubber  tubing 
to  the  mercury  receiver,  Q.  Before  taking  the  sample,  the  air  in  the 
trachea,  rubber  tubing  and  mercury  bulb  (dead  space  air)  is  thoroughly 
mixed  by  raising  and  lowering  the  mercury  receiver.  A  manometer,  G, 
is  also  attached  to  this  tube  which  gives  the  pressure  of  air  in  the  lungs 
at  the  time  sample  is  taken.  In  some  cases  the  entire  mechanism  was 
enclosed  in  a  thermostat  and  the  experiment  conducted  at  about  body 
temperature.  Air  samples  are  withdrawn  through  the  mercury  seal,  P, 
the  tip  of  the  gas-sample  pipette  fitting  into  a  small  piece  of  rubber 
tubing  at  the  bottom  of  the  little  cup  attached  to  the  T-piece,  which  ia 
filled  with  mercury.  When  a  sample  is  taken  it  is  sealed  off  with 
mercury  and  may  be  analyzed  at  leisure.  Analyses  in  duplicate  are 
made  and  from  them  the  gaseous  tensions  of  the  gases  in  the  lung  are 
estimated.  For  example,  supposing  the  barometer  stands  at  757  mm., 
the  temperature  of  the  blotid  in  the  system  is  36''C.,  the  manometer 
attached  to  the  tube  to  the  trachea  shows  a  pressure  of  2  nmi.  An 
analysifl  of  a  sample  taken  shows: 

C0»  -     3.24  per  cent 

0,  =  15.75  per  cent 

then  the  total  pressure  of  the  gases  in  the  lung— 757.0— 2-755. Onun. 

deducting  pressure  of  aqueous  vapour  at  3Q^C.  —  44.2  mm. 

then  the  pressure  due  to  C0»  plus  0»  plus  Nj  -  710.8  mm. 

therefore  tension  of  CO,  =  ^^  X  710.8  =    23  mm.  Hg. 


100 
15.75 
100 


tension  of  0,  =  ^^  X  710. 8  =  112  mm.  Hg. 
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and  the  nitrogen  is  obtained  by  deducting  the  sum  of  these  two  from 
the  total  pressure  less  aqueous  tension.  Samples  are  taken  at  1, 2, 3, 
4  and  5  minutes.  When  successive  samples  show  the  same  tension, 
then  it  is  assumed  that  equilibrium  has  been  reached. 

BESULTB 

'    The  following  figures  will  show  some  of  the  results  obtained. 
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'C.    Barometer  766  mm. 


March  to,  1911.    Blood  from  dog  d*  temperati 
Hg. 
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Sunt  IS.  IBll,    225  cc.  of  blood  from  dog  14  kgm.    Barometer  765  mm.  Hg. 
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From  these  experiments  it  will  be  Been  that  samples  taken  within 
tea  minutes  of  each  other  agree  fairly  well  whereas  a  sample  taken  after 
an  interval  of  twenty  minutes  or  thirty  minutes  after  a  given  sample 
shows  an  obvious  decrease  in  oxygen  tension.  This  may  be  accounted 
for  by  the  oxygen  metabolism  of  the  living  elements  of  the  blood.  For 
example  in  the  experiment  of  June  13,  the  oxygen  tension  fell  from  117 
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nun.  to  72  mm.  'm  127  miiiutes.  At  the  CO^  tension  of  30  mm.  this 
corresponds  to  a  fall  in  oxygen  content  from  98  per  cent  saturation  to 
94  per  cent  saturation  (1).  There  were  225  cc.  of  blood  in  the  appara- 
tus.  Assuming  that  100  cc.  of  dt^'s  blood  when  saturated  contain  IS 
cc.  of  oxygen,  and  neglecting  the  amount  physically  dissolved  in  the 
plasma,  this  means  an  oxygen  consumption  of  0.000026  cc./gm./min. 
Krogh's  figures  (2)  for  the  oxygen-metabolism  of  rabbit's  blood  (hinidin- 
ized)  vary  from  0.00046-0.00075  cc./gm./min.  at  body  temperature. 

Another  experiment  i«  which  this  feature  was  especially  noted  is  here 
given. 
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25  CC.  of  blood  contain 
I;  X  226  -  34,85  cc. 


225CC.  of  blood  urn  up S. 67 cc.  of  Oiin  113 minutes— about 0.00022 cc./gm./min. 

With  increase  in  temperature  of  about  10°C.  the  oxygen  consumption 
increased  about  tenfold.  In  all  cases  the  fall  in  oxygen  tension  can  be 
accounted  for  by  the  o^gen  metabolism  of  the  living  elements  of 
the  blood. 

In  the  second  set  of  experimenU  one  of  Krogh's  aerotonomet  ers  was 
inserted  into  the  cireulation  in  parallel  with  the  lung.  This  apparatus 
takes  from  twenty  to  thirty  minutes  to  attain  equilibrium  (3).  Sam- 
ples were  taken  from  the  lung  as  nearly  as  possible  synchronously  with 
the  samples  taken  from  the  aerotonometer. 

The  following  results  were  obtained. 
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3,00 

April  10,  tail.    Dog  if  15  kgm.  225  co.  blood.    Temperature  SCC. 
er  755  mm.    Air  aamplea  from  lung  aad  tonometer. 


12.05 

12-30 

12 .48 

1  20 

1.35 

1.45 

1.50 

Circulation  eBtablished. 
Expired  air  into  tonom- 
eter 

Lung  sample,  7  mm 


Tonometer  sample,  0  mm, 
Expired  air  into  tonome- 
ter 
Lung  sample,  7  mm 

Lung  sample,  7  mm 

Tonometer  sample,  0  mm. 


3.46 

25 

10.81 
11.37 

11,00 

4.28 

31 

12.33 

3.57 

26 

855 

8.61 

8,58 

355 

% 

7,84 
7,16 

7,50 

4.82 

35 

8.10 

May  It,  1911.    Dog  <f  25  kgm 

225  cc 

blood 

ter  747  mm. 

1,09 

Qrculation    eatabliahed. 
Expired  air  into  tonom- 
eter 

1-35 

Lung  sample,  IS  mm 

26 

2,98 
2.65 

2-81 

20 

13,52 
13.71 

13.61 

99 

1,40 

31 

3.54 
3.43 

3.48 

25 

13.80 
14  51 

14.15 

100 

1.50 

Expired  air  into  tonome- 
ter 

2.23 

Lung  sample,  13  mm 

33 

3.94 
4.12 

4.03 

28 

11.16 
11.00 

11.12 

SO 

2.28 

Tonometer  sample,    6 

3.68 

12.74 
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March  17,  IBll.    Dog  d"  20  kgm.    Thermostat  ar'C.    Barometer  756.S  n 


o.™™™.«=.«-a 

t* 

„■ 

,«,.- 

nam  I. 

»o^. 

TOHOuanB 

TU.. 

CO. 

0. 

**- 

M-. 

5s: 

Anmly- 

"■" '  TkS" 

ptrcnU 

jwanl 

mm. 

ptrun 

ptruiu'    nn. 

12.01 

12.07 

Expired  air  into  tonome- 
ter 

12.  m 

Lung  sample  1,  7  mm 

101 

324 
3.52 

3.38 

25 

13.29 
13.15 

13  22 

97 

12.15 

Added  2  cc.  of  10  per  cent 
NaF 

12.19 

Lung  sample  2,  7  mm 

18 

3.46 
3.41 

3.43 

25 

13,00 

12,97 

12,99 

96 

12.40 

Tonometer  sample  0  (33') 

39 

3,27 
3.90 

3.58 

26 

15,03 
14.11 

14,57 

12.42 

Expired  air  into  tonome- 
ter 

12.43i 

Lung  sample  3,  7  mm 

42i 

3.46 
3,30 

3.38 

25 

12.30 
12  12 

12,21 

90 

1.16 

Aeronometer  sample,    0 

mm  (36) ." 

70 

394 
3,28 

3,61 

26 

10,64 
10,87 

10,76 

78 

These  experiments  show  a  general  correspondence  between  the  ten- 
sion of  the  gases  in  the  lung  and  in  Krogh's  tonometer.     For  example: 

April  10,  1911.  After  25  minutes  interchange  of  gases  in  the  blood  and  in  the 
lung  and  tonometer,  the  lung  showed  a  COi  tension  of  25  mm.  Krogh's  apparatua 
taken  18  minutes  later  31  mm.,  while  the  oxygen  values  were  82  mm.  and  89  mm- 
respectively.    In  the  same  experiment  an  hour  later  the  results  were  as  follows : 


CO. 

0> 

Krogh's          

35 
26 

59 

In  an  experiment  of  3f  arch  X^,  /91I,  a  sample  of  gas  from  the  lungs  was  taken  34 
minutes  after  introducingair  into  the  tonometer,  and  6  minutes  later asample  was 
taken  from  the  tonometer.  The  analysis  shows  that  the  lung  and  tonometer 
give  the  same  result  within  the  limits  of  experimental  error.  In  this  experiment 
the  lung  had  been  reduced  to  a  physical  structure  by  killing  the  cells  by  the  ad- 
dition of  sodium  iluoride  to  the  blood.  Evidently  the  lung  acts  as  a  tonometer 
independently  of  any  vital  activity  of  the  alveolar  cells. 
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Many  difficulties  were  encountered  in  using  Krogh's  aerotonometer. 
Especially  was  it  found  difficult  to  obtain  a  good  film  of  blood  since 
the  blood  ran  down  the  tube  in  streaks.  Another  difficulty  waa  that 
only  a  small  quantity  of  gas  was  available  for  analysis. 

In  the  final  series  of  experimeTita  a  new  type  of  aerotonometer  was 
employed,  designed  by  Doctor  Brodie,  which  affords  plenty  of  gas  for 
dupHcate  analyses  and  in  which  the  blood  is  spread  out  in  an  even  film, 
which  is  constantly  renewed  by  the  rotation  of  the  tonometer  (4). 
This  apparatus  is  shown  comiected  in  parallel  with  the  lung  in  the  figure. 

The  equilibrium  time  of  this  tonometer  has  been  ascertained  to  be 
ten  minutes  with  a  circulation  time  of  once  every  two  minutes,  which 
is  comparable  to  the  rate  of  flow  through  the  lungs  in  living  animals  to 
fifteen  minutes  in  a  circulation  time  of  once  every  three  or  four  min- 
utes.   The  following  results  were  obtained : 

December  tO,  1911 
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Circulation     eatab- 
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0 
0 

0 
0 

17 
17 

17 
17 

81 

15 

22 

0.82 
0.62 
1.04 
0.76 

1.12 
1.00 
1.18 
1.10 

0.72 
0.90 

1.06 
1.14 

5 

7 

8 

8 

17.00 
17,28 
17.63 
17.53 

16.28 
16.36 
17.88 
17,76 

17.14 
17.68 

16.32 

17.82 

10.49 
10.61 

New  air  introduced 
into  tonometer 

130 

11.13 

Tonometer  sample. . . 

132 

The  blood  in  this  experiment  waa  obtained  from  a  dog  used  in  the  morning. 
The  blood  and  thorax  had  been  kept  in  a  refrigerator. 
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April  it,  191t.  Lung  taken  from  a  dog  on  April  9.  S&line  wu  run  is  t,t  th» 
kuimkl  WM  bled.  Subjected  to  artificial  ventilation  with  formalin  vapor  for  5 
tLOura.     LungH  kept  on  ice.     Blood  taken  from  dog  about  200  e 
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Circulation  es- 
tablished 

4  01 

Lung  sample... 

9 

21.5 

10 

0.95 

1,0C 

R 

18, 6(^18, 44]  137 

l.Oi 

18,» 

4.06 

Tonometer 

sample 

-5 

21.5 

IS 

1.55 
1,47 

1.51 

11 

17.19 
17,09 

17.14 

126 

10 

4.08 

Expired  air  in- 
to tonometer 

4.19 

Lung  sample . . . 

9 

20,2 

11 

1.32 
1,16 

1-24 

9 

18.41 
18.37 

18,39 

137 

4.23 

Tonometer 

sample 

5 

20.2 

15 

0,77 
0.55 

0.86 

6 

18,89 
18.63 

1^.66 

137 

60 

.^pn'I  to,  1911.  Fresh  lung  of  cat;  about  100  cc.  of  cat's  blood  made  up  to 
200  cc.  with  0.85  per  cent  saline.  Rate  of  flow  in  lung  100  cc/min.  Cireulation 
time  1  every  2  minutes.  Rate  of  flow  in  tonometer  60.  cc./min.  Circulation 
time  1  every  3  3  minutes.    Barometer  755, 


6.46 
S-5S 
6.05 
6,06 
6,21 


Cireulation       estab- 
lished 

Tonometer  I 

Air    into    lungs    and 

tonometer 
Lung  2 

Tonometer  2 

Tonometer  3 


16-5 
15.8 


15,3 
15,2 


0  80 
0,69 
1,05 
0,92 
0.55 
0,54 
0.60 
0,53 


18.181! 

18-22 

'  18,98  U 

18.91 


0.75 
0,09 
0  55 
0,56 


19,24 
19.16 

18,97 


18, 8S  143 

19,20  143 

18,94  142 

18.72  137 
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In  these  later  experiments  the  carbon  dioxide  tension  was  very  low. 
In  the  following  experimeotfi  the  blood  was  saturated  with  COg  before 
it  was  introduced  into  the  circulation. 


January  7.  19IS.    190  cc.  of  blood  from  t  dog  7  kgio. 

Aero- 

tonometer  revolving  36/mia. 

Arterial  pressure  60/mm. 
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;  Rate  of  flow:  Lungs 

■ 

34  ce./min. 

1.47    Lungsamplel 

10.5  18.3 

1 

15 

5-93 
600 

5.96 

44,8 

15,74 
15,49 

15.60 

117.0 

l.o!  18.3 

19 

6,20 
6,46 

6,33 

46,8 

16  04 
15.96 

16,00 

118.4 

1.53    Expired  air  into  to- 

nometer 

1.54 

Expired  air  into  lungi 

2,08 

Lung  sample  2 

10.5  18.2 

14 

3.69 

3.78 

28,4 

17,30 

17,32 

130.2 

1 

3,87 

17-34 

2.09 

Tonometer  sample  2. . 

1,0  18.2 

16 

3,75 
3.81 

3,78 

28,0 

16,99 
16.84 

16,92 

125,3 

2.25 

Expired  air  into  lungs 
and  tonometer 

2.40 

Lung  sample  3 

10.5  18.6 

15 

2,83 

2,98 

2.91 

21.9 

18.12 
18.05 

18-09 

135,9 

2.44 

Rate  of  flow:  Tonom- 
eter 50  cc./min. 

Rate  of  flow;  Lungs 
20  co./min. 

1.0  18.6 

1 

i 

19 

3,12 
3,11 

3,11 

23,0 

17.57 

17.71 

17.64 

130.6 

2.50 

Expired  air  ioto  to- 
nometer 

2.51 

Expired  air  into  lungs 

1 

3.06 

Lung  sample  4 

+28,0.  17,8 

15 

2.00 
1.96 

1.98 

15,2 

18.42 
18.29 

18.35 

141,4 

3.09 

Tonometer  sample  4... 

-  1,0  17,8 

19 

1.92 

2.02 

1.97 

14  6 

18.10 
18.36 

18.23 

136.1 
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DISCUSSION 


In  the  experiment  of  December  29,  after  the  gases  in  the  blood  had 
been  in  contact  with  the  gases  in  the  tonometer  and  with  the  gases 
contained  in  the  freshly  excised  lung  for  a  period  of  from  ten  to  twenty 
minutes,  a  close  correspondence  in  the  gaseous  tension  was  obtained. 
In  the  experiment  of  April  12,  a.  similar  agreement  was  obtained  after 
allowing  an  interchange  of  gasea  for  fifteen  minutes,  but  in  this  instance 
the  alveolar  cells  of  the  lung  had  been  killed  by  ventilating  the  lung  previ- 
ously with  formalin  vapor  for  several  hours.  The  experiment  of  April 
20  shows  a  close  correspondence  after  fifteen  minutes  exposure. 

Four  sets  of  satisfactorily  corresponding  tensions  were  obtained  in  the 
experiment  of  January  7.  The  gases  in  the  lung  undoubtedly  reach 
equilibrium  in  about  one  minute  but  as  ten  to  fifteen  minutes  must  be 
allowed  to  be  confident  that  equilibrium  has  been  attained  in  the  Brodie 
tonometer,  the  samples  were  taken  at  longer  intervals. 

These  experiments  show  that  the  lung  acts  as  a  tonometer  either 
freshly  excised  or  after  having  been  killed  by  chemicals.  , 

The  accuracy  of  the  determination  of  gaseous  tension  as  shown  by 
the  duplicate  analyses  does  not  permit  a  comparison  beyond  a  decimal 
point.  In  the  earlier  experiments  an  error  of  5  per  cent  must  be  al- 
lowed but  after  long  practice  duphcate  analyses  were  obtained  which 
showed  a  variation  of  not  more  than  ±  0.05. 

In  making  use  of  an  excised  lung  to  deterinine  the  gaseous  tension  of 
the  blood  of  a  second  animal,  it  was  found  that  the  blood  clotted  much 
more  readily  in  lungs  which  had  been  fixed  by  formalin  than  it  did  in 
fresh  lungs.  Moreover  in  using  a  cat's  lung  to  determine  the  tension  of 
dog's  blood,  clotting  was  encountered.  The  best  results  were  obtained 
when  using  a  puppy's  lung  to  determine  the  tension  of  dog's  blood. 

CONCLUSIONS 

The  excised  lung,  either  freshly  prepared  or  after  treatment  with 
sodium  fluoride  or  formalin,  when  perfused  with  defibrinated  blood, 
acts  solely  as  a  physical  surface  and  may  be  used  as  an  aerotonometer. 
It  affords  sufficient  surface  so  that  equilibrium  between  the  gases  in 
the  blood  and  the  gases  in  the  alveoli  is  attained  in  at  most  one  and  one- 
half  minutes,  which  is  the  time  required  to  take  a  sample. 

It  was  the  late  Prof.  T.  G.  Brodie  who  originated  the  conception  that 
the  lung  might  be  used  as  an  aerotonometer  and  his  kindly  counsel  in 
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directing  my  work  has  been  t,he  source  of  any  value  that  the  research 
may  contain. 
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ON  THE  HEAT  LIBERATED  BY  THE  BEATING  HEART 

Second  Coiutonication 

CHARLES  D.  SNYDER 
From  Um  DepartmerU  of  Phytiology,  Tk»  John*  Nopkint  Univerrity 

Received  for  publication  July  19,  1918 

Having  shown  in  a  former  communication  (1)  that  the  chelonian 
heart  during  its  beat  undergoes  a  measurable  change  of  temperature, 
it  seemed  desirable  to  obtain  more  objective  records  of  this  change,  for 
it  will  be  remembered  that  the  method  of  registration  of  the  galvanome- 
ter response  to  the  rise  and  fall  of  temperature  consisted  of  a  mechani- 
cal lever  operated  by  the  observer.  If  photographic  registration  could 
be  substituted  for  the  hand-operated  recorder  this  subjective  element 
could  be  removed. 

The  use  of  the  Einthoven  instrument  on  account  of  its  fitness  for 
phot<%Taphic  registration  had  already  been  considered,  but  that  in- 
strument also  has  its  disadvantages  as  will  appear  in  the  following. 

The  fiber  I  happen  to  have  is  a  gilded  quartz  fiber  of  5400  ohms  resist- 
ance. The  galvanometer  is  the  small  Edelmann  model.  To  give  an 
idea  of  its  availabiUty  for  recording  thermo-electric  effects  from  a  tur- 
tle's heart  beating  say,  at  a  rate  of  five  per  minute,  the  following  obser- 
vations will  serve. 

With  the  tension  of  the  thread  set  at  15,  the  calibrating  current  pro- 
duced a  deflection  of  5  mm.  of  scale,  with  the  tension  set  at  16,  the  de- 
flection to  the  same  current  was  increased  to  22.5  mm.  of  scale.  The 
periods  of  the  instrument  at  the  two  tensions  of  the  thread,  however, 
were  0.7  and  2.7  seconds  respectively.  The  cahbrating  current  was  of 
constant  strength,  i>ermitting  4.6  X  10~*  ampere  to  pass  through  the 
galvanometer.  With  the  clasp-thermopile  in  series  with  the  galvanom- 
eter the  difference  of  temperature  between  the  warm  and  cold  junc- 
tions necessary  to  create  an  amperage  equal  to  the  cahbrating  current 
would  have  to  amount  to  nearly  O-OlSe^C.  The  difference  of  tempera- 
ture that  could  be  registered  by  1  mm.  deflection  of  the  galvanometer 
156 
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thread  set  at  the  two  tensions  named  above  would  then  be  nearly 
0.003*  andO.OOO?"  respectively.^ 

In  my  fonner  study  it  was  shown  that  a  rise  of  about  0.0013"  may 
be  expected  per  beat  of  the  turtle's  ventricle.  With  the  tension  of 
the  thread  in  the  galvanometer  set  at  the  greater  of  the  two  sensibihties 
one  would  expect  a  deflection  of  2  mm.  per  beat,  provided  further  that 
the  duration  of  the  beats  is  at  least  twice  the  period  of  the  galvanometer, 
llie  period  being  2.7  seconds  the  duration  of  beat  should  be  reduced  to 
5.4  seconds.  If  the  duration  of  the  beat  should  happen  to  be  5  instead 
of  5.4  seconds  it  is  clear  that  a  slight  increase  in  tension  on  the  thread  will 
bring  its  period  within  the  limits  prescribed  without  reducing  the  sen- 
sibility greatly. 

'  For  this  calculatioD  the  reader  is  referred  to  the  formula  given  on  page  424 
of  my  first  communication  (1).  The  derivation  of  that  formula  was  not  given 
there.    For  purposes  of  checking  up  results  it  ia  here  added: 

Let  I  be  the  strength  of  thermo-electric  current  produced  hy  the  thermopile 
in  use  when  a  difference  of  I'C.  obtainsbetween  the  two  sets  of  junctions  and  when 
the  current  passes  through  the  thermopile  (of  r,  resistance)  and  the  galvanometer 
(of  fi  resistance)  in  series.  Then  when  the  calibrating  current  (in  the  present  case 
4.6  X  10~*  amp.)  produces  a  deflection  of  m  divisions  of  scale  the  rise  of  tempeFa- 
ture  neceesary  to  give  an  equal  defiection  will  be  i/I,  where  t  represents  the  am- 
perage of  the  oalibrating  current.  Thia  value  then  divided  by  the  number  of 
scale  divisions  deflection  to  the  calibrating  current,  m,  will  give  the  difference  of 
temperature  represented  by  1  scale  division  deflection,  At. 

art  y  53  X  10"* 

In  the  present  experimente  /  has  the  value,  —^Mrr-rrjn''  *"**  '  *"**  *''*  value, 

4.6  X  10-<.  Where  i  yields  22.S  as  a  value  for  in,  at  equals  0.00066;  with  5  as  a 
value  for  m.  At  equals  0.003°C. 

Combining  the  operations  into  one  generalised  equation  we  have  the  formula, 

ii--a±i..- 

as  given  in  my  former  paper,  in  which  n  represents  the  number  of  elements  and  p 
the  thermo-electric  power  of  one  element,  in  the  thermopile  used. 

To  complete  the  account  it  should  be  added  that  the  oalibrating  current  was 
derived  from  a  normal  cell  of  t.01S7  volte  with  a  constant  resistance  of  38,220 
ohms  connected  in  series  to  a  shunt  of  1  ohm  and  the  galvanometer  of  6400 
ohms  arranged  in  parallel.  The  total  reaistance  of  the  circuit  thus  remains 
practically  at  38,220  ohme  and  the  total  amperage  ie  2.5  X  10~>,  The  strength  of 
current  passing  through  the  galvanometer  thus  ie  tot.  amp,  times  the  product  of 
the  reciprocals  of  the  parallel  reeietances,  or  i  —  4.6  X  lO'"*  ampere. 

Further  it  should  be  stated  that  the  deflections  of  the  galvanometer  are  taken 
to  be  a  linear  function  of  the  strength  of  current  passing  which  for  the  ranges  of 
current  employed  is  practically  the  case. 
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With  the  foregoing  discussion  as  to  what  may  be  expected  of  the 
Einthoven  instrument  in  mind,  I  will  now  proceed  to  a  brief  descrip- 
tion of  the  experiments  and  their  results.  For  details  of  method  and 
apparatus  not  here  given  the  reader  is  referred  to  the  former  study. 

Experiment  of  March  IS;  1918.  A  turtle's  heart  was  suspended  in 
the  moist  chamber  with  the  clasp-thennopile  in  place.  Th.%  action 
of  the  heart  on  the  thermopile  junctions  was  observed  for  some  min- 
utes. No  change  in  position  between  heart  wall  and  junctions  took 
place  and  it  was  assumed  that  this  condition  continued  during  the 
experiment.  Indeed  one  can  be  certain,  after  some  experience,  from 
the  character  of  the  f^lvanometer  deflections  and  especially  from  their 
photographs  just  when  the  contacts  remain  in  ideal  relation.  The 
moist  chamber  having  been  supplied  with  ice  the  temperature  soon  fell 
to  about  12.5''C.  and  remained  there  during  the  taking  of  records. 
The  rate  of  the  beating  ventricle  was  thereby  slowed  down  to  about 
12  beats  per  minute.  The  mechanical  movements  of  the  ventricle 
walls  were  recorded  by  an  isometric  lever  that  had  been  carefully  caU- 
brated.  A  time  trace  was  provided  for  by  a  Jaquet  marking  fifths  of  a 
second.  The  sensibility  of  the  galvanometer  was  noted  just  before  and 
after  each  photograph  taken.  The  rate  of  the  moving  fibn  and  its 
length  permitted  a  record  of  two  or  three  complete  heart  beats  to  the 
photograph.  Memoranda  and  analysis  of  two  of  the  records  so  taken 
may  be  here  reproduced. 

Photo-record  1.  Cttlibratinf!  current  just  before  gives  \b  mm.,  juat  after 
givea  12.S  mm.  deflection  of  thread.  Distance  of  optical  projection,  119  cm. 
Distanceof  recording  tip  of  mechanical  lever  from  camera  shutter,  13  cm.  Meas- 
urement of  the  curves  in  the  photograph  shows  a  maximum  excursio^of^mB^^, 
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mine  the  actual  shorteningof  the  ventricle  wall  and  the  maximuni  tension  devel- 
oped during  each  heart  beat.  From  the  data  on  the  electrio&l  and  thermo-elec- 
trical  quantities  involved,  ae  given  above,  one  can  calculate  the  changee  of  tem- 
perature represented  by  the  galvanometer  defleotions. 

The  Teault«  of  the  correctioiu  for  the  mechanical  curve  show  an  actual  maxi- 
mum shortening  of  the  muscle  of  1.18  mm.  and  a  maximum  tension  developed 
during  each  eyatole  of  13.7  grams  for  each  beat  in  the  first  record  and  14.3  grama 
for  each  beat  in  the  second  record.  The  sensitivity  of  the  galvanometer  was  not 
the  same  for  both  records, — not  more  than  13.76  mm.  deflection  can  be  allowed  for 
the  first  record,  as  against  15  in  the  second.  So  while  there  appears  to  be  cod- 
siderable  difference  in  the  rise  of  temperature  in  the  two  records  actual  calculation, 
according  to  the  method  given  above,  shows  a  rise  of  temperature  during  each 
heart  beat  in  the  first  record  to  be  about  0.00215°C,  and  in  the  second  record  to 
be  about  0.00218''C.  This  represents  a  heat  production  in  each  case,  taking  the 
specific  heat  of  muscle  to  be  0.825,  of  about  0.0007  calorie  per  gram  of  ventricle 
per  beat. 

Experiment  of  May  3,  1918.  In  this  experiment  the  method  aadin- 
strumentarium  are  aJf  the  same  except  that  a  Rohde  (2)  heart-bag  was 
used  instead  of  the  isometric  muscle  lever  to  record  the  mechanical 
events.  The  bag  fixed  at  the  end  of  a  cannula  was  inserted  into  the 
ventricle  chamber  through  the  aortic  arches,  the  intervascular  septum 
and  the  ventricular  septum  having  been  previously  slit  down  sufficiently 
to  make  a  single  passage  way  and  chamber.  The  ba^  was  made  to 
communicate  with  a  Hdrthle  membrane  manometer.  This  manometer 
was  calibrated  just  before  the  experiment  so  that  the  excursions  of 
the  recording  tip  could  be  converted  into  terms  of  a  column  of  water 
pressure.  In  this  experiment  0.5  mm.  excursion  of  the  lever  tip  was 
equal  to  a  difiference  of  10  mm.  change  in  the  height  of  a  column  of 
water.  The  recording  tip  of  the  manometer  lever  was  so  adjusted  as 
to  have  its  shadow  fall  across  the  aperture  in  the  camera  in  a  position 
appropriate  to  the  shadows  of  the  other  recording  levers. 

The  first  photo^record  in  this  experiment  was  not  brought  to  a  suc- 
cessful finish.  The  second  was  more  successful  and  the  data  for  this 
are  as  follows: 

Photo-record  2.  Initial  tension  in  heart-bag,  that  is,  diastolic  pressure,  25 
cm.  water.  Temperature  of  moist  chamber,  ICS^C.  Deflection  of  galvanometer 
thread  to  calibrating  current,  20  mm.  of  scale. 

In  the  photograph  the  duration  of  the  heart  beat  is  about  9.6  seconds  (partial 
block  due  to  slitting  ventricular  septum?}.  The  duration  of  the  systole,  that  is 
of  the  ascending  limb  of  the  manometer  lever,  is  about  2seconds.  The  manometer 
lever  shows  in  each  case  an  excursion  of  3  mm.  or  a  rise  of  tension  during  systole 
of  6  cm.  water-column. 
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The  g&lvuioineter  thread  shows  a  deBection  of  2  mm.  for  each  heart  beat  which 
I  calculate  to  repreaent  a  rise  of  temperature  of  0.00156°C.  The  heart  was  not 
weighed  in  this  experiment  but  since  the  turtles  used  were  nearly  the  same  siie 
one  can  make  an  estimate  of  the  ventricle's  weight.  If  that  istakenas3.0grams 
then  the  heat  production  was  0.000526  calorie  ;if  the  weight  is  taken'as  3.0  grams 
then  the  beat  production  was  0,000531   calorie  per  gram  ventricle  per  beat. 

Bxjilanabyry  noit  to  the  figurtt  in  the  foldor.  Before  passing  on  to  any  gen- 
eral discussion  a  word  explanatory  to  the  figures  as  they  appear  in  the  attached 
folder  should  be  added.  The  figures  in  each  case  should  be  read  from  left  to 
right.  The  nethermost  tracing  in  each  figure  is  that  of  the  time  marking  fifths 
of  seconds.  The  heavier  of  the  two  tracings  in  the  body  of  each  figure  is  that  of 
the  mechanical  lever  (whose  ascending  limb  is  caused  by  the  syatcle  of  the  beat), 
the  lighter  one  will  be  recognised  as  that  of  the  galvanometer  thread. 

Figure  I  is  photo-record  1  of  the  experiment  of  March  16.  Here  the  mechani- 
cal curve  represents  an  isometric  muscle  lever  attached  to  the  frenum  of  the 

Figure  2  is  photo-record  2  of  the  experiment  of  May  3.  Here  the  mechanical 
curve  represents  the  excursions  of  a  HUrthle  manometer  lever,  hence  the  intra- 
ventricular pressure  changes  or  the  "pulse  pressure."  The  ascending  limb  again 
represents  the  systole  of  the  beat.  In  this  experiment  while  the  ascending  limb 
of  the  manometer  lever  occurs  during  the  heart's  systole,  the  initial  rise  of  the 
curve  of  this  lever  in  the  photo-records  cannot  be  taken  as  the  point  of  beginninj( 
rise  of  tension .  The  initial  tension  was  fixed  at  25  cm.  The  early  stages  of  systole 
during  which  this  amount  of  tension  is  developed  receive  no  indication  in  the 
record.  No  definite  statement  therefore  can  be  made  about  the  duration  of  the 
systole. 

The  fine  horicontal  and  vertical  straight  lines  found  in  the  photo-records  will 
aid  the  eye  in  comparing  synchronous  events  at  any  point  desired. 

DISCUSSION 

1.  The  iniH<d  heai  production  in  the  cardiac  cycle.  The  temporal  re- 
lations between  the  initial  rise  of  temperature  and  the  initial  shorten- 
ing of  the  heart  musculature  involves  one  of  the  most  important  the- 
oretical points  and  may  be  considered  Srst. 

The  time  required  for  the  conduction  of  heat  from  the  tissue  to  the 
thermal  junctions  of  the  recording  apparatus  has  already  been  dis- 
cussed in  my  former  paper.  It  was  there  pointed  out  that  the  cooled 
and  blocked  turtle's  ventricle  was  a  specially  suitable  preparation 
for  the  study  of  heat  production  in  muscle.  It  was  pointed  out 
that  the  probably  long  latent  period  to  the  inner  stimulus  (estimated  to 
be  from  0.3  to  0.5  of  a  second)  gave  an  abundance  of  time  for  the  conduc- 
tion of  heat  if  any  measureable  amount  were  formed  during  this  period. 
In  that  study  no  evidence  appeared  of  heat  production  during  the 
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latest  period  of  the  muscle  contraction  or  before  actual  rise  of  tension 
oocurred  in  the  muscle.  "Hie  records  obtained  in  the  present  study, 
where  an  isometric  lever  of  small  initial  tensiaa  was  used,  are  similar  in 
this  reelect  to  those  of  the  former  study.  No  evidence  of  pre-systoHc 
heat  production  appears.  Id  the  experiment  of  May  3,  however,  where 
a  hi^  initial  tension  was  placed  upon  the  heart-walls  it  would  appear 
at  first  sight  that  heat  is  liberated  during  the  pre-systohc  period  (fig. 
2  of  the  folder).  Here  seems  to  be  a  contradiction.  But  when  one 
reflects  upon  the  conditions  of  the  two  experiments  this  contradiction 
dis^pears. 

In  the  fint  place  one  must  consider  the  difference  in  the  initial  tensions 
placed  up<Mi  the  muscle  in  the  two  experiments.  In  the  first  case  the 
initial  tension  was  just  enough  to  balance  the  w^ht  of  the  heart,  in 
the  second  case  no  weight  was  needed  to  balance  the  weight  of  the  heart 
but  nevertheless  its  walls  were  kept  distended  by  the  pressure  of  a 
column  of  water  25  cm.  in  height  during  diastole.  This  initial  tension  was 
selected  by  a  preliminary  trial  which  showed  that  no  greater  tension 
could  be  placed  on  the  relaxed  muscle  and  still  allow  one  to  get  a  re- 
cordable response  of  the  manometer  lever  during  systole.  The  tension 
allowed  aa  increase  durii^  systole  of  6  cm.  in  the  water  column.  But 
before  the  bei^t  of  the  column  could  be  increased  the  heart  wall  had 
to  devd(^  an  intamal  tension  from  0  to  25  em.  of  water.  It  is  during 
this  period  that  the  record  tbovn  no  mechanical  reepoose  to  the  rising 
tenmon.  It  tjtus  fails  to  record  the  early  stages  of  B3rBtole.  The  a»- 
cending  limb  of  the  galvaiUHneter  nepooae  in  the  photograph  therefore 
is  initiated  before  that  of  the  medkanical  lever,  not  because  heat  pro- 
duction begins  b^ore  rise  of  muscular  tension  but  because  the  mechani- 
cal lever  fails  to  record  the  initial  rise  of  tension. 

It  may  be  stated  that  the  experiment  of  May  3  was  only  the  beginning 
at  a  series  in  a  study  on  the  relation  of  heat  quantities  and  tensions  in 
muscle  contractions. 

One  other  important  correction  should  be  kept  in  mind  in  cranparing 
the  mechanical  and  thermal  curves  in  the  photographs.  In  both  ex- 
periments the  latency  of  the  former  is  doubtless  much  greater  than 
the  tetency  of  the  latter.  The  latencies  have  not  been  actually  meas< 
ured  but  if  their  ratios  are  as  we  may  expect,  then  supposing  the  two 
events  to  arise  within  the  tissue  simultaneously,  the  mechanical  curve 
would  have  its  beginning  in  the  photograph  at  a  point  subsequent  to 
that  of  the  thermal  curve  by  difference  of  time  equal  to  the  difference 
of  their  lateodes.    Now  the  reverse  order  of  events  appears  in  ttie 
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records  unless  one  mcreases  the  latency  of  the  mechanical  event  arti- 
ficially, that  is,  by  raieing  the  initial  tension  to  a  point  approximating 
the  maximum  tension  developed. 

Slimming  up,  I  coDclude  that  the  thread  galvanometer  gives  no  evi- 
dence that  heat  is  produced  in  the  turtle's  heart  muscle  during  the 
pre-systolic  period,  or  during  the  period  that  may  be  called  the  latent 
period  of  contraction  or  before  there  occurs  within  the  tissue  a  rise  of 
tension.  This  agrees  with  the  conclusion  arrived  at,  using  the  Paschen 
galvanometer. 

2.  Velocity  o/  heat  production.  As  to  rate  at  which  heat  is  liberated  at 
successive  intervals  of  time  the  records  from  the  Einthoven  galvanom- 
eter are  unsatisfactory.  This  is  due  to  the  small  total  excursion  of 
the  thread  which,  whUe  great  enough  to  admit  of  accurate  measurement 
of  total  rise  of  temperature  over  a  period  of  two  seconds,  does  not 
admit  of  a  measurement  of  partial  rises  over  periods  say,  of  tenth  of 
seconds.  As  far  as  one  can  judge  by  mere  inspection  however  the 
character  of  the  curves  in  this  study  is  quite  similar  to  that  of  the  curve 
obtained  from  the  Paschen  galvanometer.  The  rise  of  temperature 
proceeds  at  first  slowly  then  with  increasing  velocity  and  finally  changes 
again  to  a  slower  rate  just  before  reaching  the  maximum  rise.  Indeed 
the  turning  point  in  the  curve  may  be  looked  upon  as  beii^  due  not 
to  an  abrupt  cessation  of  heat  liberation  but  rather  to  a  reduction  in 
the  velocity  of  its  Uberation  to  a  point  where  it  no  longer  balances  the 
loss  of  heat  by  conduction,  etc.  For  the  time  of  return  to  null  point, 
that  is,  of  cooling  exceeds  the  period  of  the  galvanometer. 

S.  Maximal,  mechanictU  and  heat  effects.  It  will  be  noted  that  the 
maximum  point  in  the  galvanometer  curve  in  the  photographs  occurs 
at  a  point  subsequent  to  the  maximum  point  of  the  mechanical  curve. 
This  delay  in  the  galvanometer  maximum  can  only  be  explained  ifwe 
take  into  consideration  the  period  of  the  galvanometer.  This  point 
was  pretty  fully  discussed  in  my  former  paper  and  need  not  be 
gone  into  again.  It  is  a  noteworthy  fact  however  that  the  delay  in 
the  two  maxima  is  in  the  present  study,  as  in  the  former,  equal  nearly 
to  the  period  of  the  galvanometer.  Parenthetically  it  may  be  well  to 
point  out  again  the  fact  that  one  has  not  gained  anything  in  the  way  of 
period,  the  Einthoven  being  as  slow  almost  in  its  period  as  thePaschen. 
In  the  curves  of  figure  1,  counting  between  mid-points  of  the  crests,  the 
delay  is  a  Uttle  more  than  one  second;  in  those  of  figure  2,  a  little  less 
than  two  seconds.  Turning  to  the  protocols  one  notes  a  sensitivity  of 
13.7  mm.  for  the  deflection  in  the  curves  of  figure  1  as  against  20  mm. 
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for  the  deflections  in  figure  2,  indicating  a  greater  tension  of  tJiread 
therefore  a  smaller  period  for  the  former  than  for  the  latter.  Frcon  the 
test  of  the  relation  between  tension  and  period  (see  above)  one  would 
expect  the  delays  just  as  we  find  them  in  the  photographs  if  the  maxi- 
mum temperature  of  the  muscle  was  reached  just  at  or  slightly  before 
the  maximum  point  of  tension.' 

I  conclude  therefore  that  the  maximum  rate  of  heat  production 
oocure  during  the  latter  half  of  systole  and  that  the  highest  t^upera- 
ture  of  the  muscle  of  the  heart  is  reached  during  the  time  of  highest 
internal  muscular  tension. 

4-  The  total  rite  of  temperature  and  total  heat  producHon  during  the 
heart  betU.  Id  what  was  considered  the  most  satisfactory  experiment 
with  the  Paschen  galvanometer  the  total  rise  of  t^nperature  per  heart 
beat  was  found  to  be  0.00I32°C.  In  the  present  study  as  already 
stated  this  number  is  0.00156  and  0.00218  respectively  for  the  two  ex- 
periments. Assuming  no  .loss  of  heat  by  conduction,  evaporation, 
etc.,  before  the  rise  of  temperature  is  roistered  by  the  galvanometer, 
these  figures  when  converted  into  gram-calories  per  gram  ventricle  are 
0.00048,  0.00052  and  0.00073  respectively.  Taking  the  mean  of  the 
last  two  figures,  one  may  express  the  results  of  the  present  study  with 
the  Einthoven  galvanometer  as  amounting  to  0.00062  calorie  of  heat 
liberated  per  gram  of  ventricle  per  beat. 

The  heat  equivalent  of  Vernon's  COi  output  of  surviving  turtle's 
hearts  under  similar  conditions  (3)  I  calculate  to  be  0.00061  calorie  per 
heat  per  gram  of  muscle.  It  is  assumed  that  the  COi  arises  from  the 
complete  oxidation  of  a  definite  quantity,  the  molecular  equivalent,  of 
dextrose,  which  in  this  case  amounts  to  1.6  X  10^'  gram. 

Assuming  also  that  the  heat  liberated  in  my  preparations  of  turtle 
hearts  had  its  origin  in  the  oxidation  of  dextrose,  the  amounts  required 
in  the  two  sets  of  experiments  would  be  1.3  X  10~'  and  1.67  X  10~' 
gram  respectively  per  gram  ventricle  per  beat. 

Turning  to  actual  determinations  of  sugar  consumption  by  the  sur- 
viving heart  I  have  at  hand  only  those  made  upon  the  mammalian 
organ  at  temperatures  near  37°C. 

In  three  experiment  with  the  heart  of  the  cat  Milller  (4)  foundfrom 
0.0253  to  0.0279  gram  of  dextrose  to  disappear  per  hour.     No  we^ts 

'  The  lateocy  of  the  mechanical  or  rather  the  difference  between  the  latenoiee 
of  th«  mechanical  and  thermal  levers,  should  be  taken  account  of  here.  But 
that  eould  only  be  a  question  of  a  hundredth  of  a  second  or  so  and  would  not 
affect  the  result  in  this  case. 
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of  th«  hearts  or  rate  of  beat  are  given.  But  if  a  weight  of  12  grams  ia 
assigned  to  the  fonner  and  a  rate  of  120  to  the  latter  a  otoiaumption  of 
about  3  X  10~^  gram  per  gFam  muscle  per  beat  is  indicated.  Am<H^ 
the  experiments  of  Locke  and  Ros^iheim  (5)  there  is  one  in  which  all 
tiie  desirable  data  are  given.  It  is  experiment  2,  a  rabbit  heart  of  6.25 
grams,  rate  of  beat  from  156  to  205  per  minute.  Taking  180  as  tlie 
mean  rate  the  dextrose  consumption  per  gram  of  heart  per  beat  appears 
to  be  1.3  X  10~'  gram.  Robde  (6)  found  a  consumption  of  "10  to 
40  mg."  sugar  per  gram  of  cat's  heart,  indicating  a  utilization  per 
beat  similar  to  the  quantity  in  Mflller's  cases,  namely  3  X  10~'  gram. 
Taking  the  mean  of  the  six  determinations  of  Underhill  and  Prince  (7) 
on  hearts  of  "well  fed"  rabbits  whose  rates  of  beat  "varied  from  74  to 
144  per  minute,"  the  consumption  per  beat  per  gram  heart  is  2.5  X 
10-'  gram  dextrose. 

Clarke  (8)  who  paid  especial  attention  to  the  prevention  of  loss  <rf 
sugar  through  the  action  of  bacteria  and  to  the  promotion  of  its  utilisa- 
tion by  the  muscle  through  the  action  of  the  pancreas,  obtained  an  in- 
teresting series  of  variation  in  dextrose  consumption  in  the  consecutive 
hours  of  the  perfusion.  When  we  are  once  in  a  position  to  conaider 
the  total  energy  output  of  the  heart  under  its  various  factors  of  regola- 
tion  this  data  will  be  of  special  significance.  For  the  present  dte  mean 
dextrose  utilization  in  these  determinations  on  hearts  (of  the  dog  in 
this  case),  when  perfused  without  the  pancreas  in  the  path  of  circula- 
tion, may  be  stated  as  about  0.175  mgm.  per  gram  of  heart  per  hour. 
With  the  pancreas  in  the  path  of  circulation  the  mean  number  ia  about 
0.4  mgm.  Assuming  the  rate  to  have  been  on  the  average  100  beats 
per  minute  (it  is  stated  that  the  hearts  beat  vigoroudy)  the  utilisa- 
tion per  beat  appears  to  be  about  0.3  X  10"'  and  0.7  X  10"'  gram 
respectively. 

Taken  all  in  all,  then,  the  sugar  consumption  of  the  manmialian 
heart  for  the  most  part  may  be  put  between  0.3  X  10-^  and  3.0  X  10^' 
gram  per  gram  muscle  per  beat.  The  quantities  of  dextrose  which  are 
equivalent  to  the  quantities  of  heat  observed  to  be  liberated  by  the 
beating  chelonian  heart  lie  well  within  these  limits. 
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It  is  a  well  known  fact,  since  RQbner'e  (1)  work,  that  the  rate  of 
respiratory  metabolism  in  mammals  ia  markedly  increased  after  in- 
gestion of  food,  particularly  of  protein,  while  during  starvation  the 
respiratory  metaboliran  in  general  decreases  (2).  Direct  experimental 
data  on  respiratory  metabolism  in  invertebrates  when  subjected  to 
starvation  is,  however,  quite  meagre  (3),  (4).  The  data  in  this  and  the 
following  papers  are  so  far  as  I  know  the  first  to  appear  on  the  relaticm 
of  nutrition  to  respiration  in  any  of  the  protozoa.  The  experiments 
were  carried  out  on  a  pure  line  of  Paramecium  caudatum. 

Several  inveBtigators  (5)  have  used  the  d^ree  of  susceptibility  to 
cyanide  as  an  indirect  method  for  the  purpose  of  determiniHg  the 
relative  "rates  of  metabolism"  of  many  different  organisms  under 
different  external  conditions  and  states  of  nutrition.  This  method 
accordii^  to  these  investigators  {5,  p.  72)  depends  for  its  usefulness  upon 
the  a.ssumption  that  cyanide  in  appropriate  concentrations  inhibits  the 
metabolic  processes  in  cells,  in  pari^icular  the  oxidations.  For  Parame- 
cium the  assumption  that  potassium  cyanide  is  a  specific  inhibitor  of 
oxidations  is  certainly  not  valid  since  it  has  been  clearly  shown  in  the 
previous  paper  that  the  oxidations  continue  practically  unchanged 
often  for  many  hours,  depending  upon  the  concentration  of  the  cyanide, 
until  cytolysis  takes  place. 
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The  relation  of  the  state  of  nutrition  of  Paramecium  and  Didinium 
to  their  resistance  as  measured  by  their  survival  time  in  potassium 
cyanide  solutions  has  recently  been  carefully  worked  out  (6).  These 
experiments  definitely  showed  that  the  resistance  as  measured  by  the 
survival  time  in  the  cyanide  Bolutions  increased  or  remained  at  a  hi^ 
level  when  food  waB  ingested  by  Paramecium  and  Didinium,  while 
starvation  of  these  animals  led  to  a  marked  decrease  in  the  survival 
time  in  cyanide.  It  is  hardly  conceivable  that  acclimation  to  cyanide  as 
suggested  by  Child  (5,  pp.  72-73),  could  play  any  rflle  in  increasing  the 
survival  time  in  cyanide  solutions  under  the  conditions  of  these  experi- 
ments. The  results  with  the  concentrations,  n/75-n/85,  employed 
in  these  experiments  must  therefore  be  classed  with  those  of  the  "direct 
method."  From  ihis  we  should  expect  that  the  starved  Paramecia  and 
Didinia  would  have  a  higher  "rate  of  metabolism"  than  their  fed 
sisters.    What  are  the  facts? 

It  is  very  doubtful  if  the  rate  of  oxidations  as  measured  by  carbon 
dioxide  production  or  oxygen  consiunption  can  even  approximately  be 
used  as  a  measure  of  the  rate  of  total  metabolism  in  a  cell  for  it  has  never 
been  shown  that  the  speed  of  such  processes  as  hydrolyses  and  changes 
in  colloidal  constitution  are  correlated  to  the  speed  of  oxygen  con- 
sumption or  carbon  dioxide  production.  However,  if  one  finds  any 
advantage  in  speaking  loosely  of  "rate  of  metabolism,"  then  perhaps 
one  may  use  the  rate  of  intracellular  oxidation  as  the  best  available 
measure  in  our  present  state  of  knowledge.  In  any  case,  the  safest 
method  for  determining  the  rate  of  oxidation  is  by  direct  measurement 
of  the  oxygen  consumption  or  carbon  dioxide  output. 

The  following  experiments  are  reported  from  among  a  considerable 
number,  all  of  which  agree  in  showing  that  the  rate  of  oxygen  consump- 
tion is  much  greater  in  a  cell  which  has  recently  taken  food  than  in  one 
which  is  starving,  hence  the  opposite  to  what  would  be  expected  if 
decrease  in  resistance  to  strong  solutions  of  potassiiun  cyanide  is  an  index 
to  increase  in  rate  of  oxidations. 

That  the  resistance  to  cyanide  or  to  any  other  toxic  agent  is  in  some 
way  correlated  to  some  condition  of  the  cell  is  of  course  not  thereby 
denied.  In  fact,  difference  in  resistance  of  different  cells  under  identical 
external  conditions  must  be  due  to  some  kind  of  difference  between  the 
cells. 
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EXPERIUENTAL 

Two  metbods  were  adopted  for  testing  the  question.  For  the  sake 
of  clearnesB  the  actual  procedure  employed  iu  the  first  method  will  be 
given  by  describing  that  used  in  the  axperiment,  the  results  of  which  are 
given  in  table  1,  and  from  which  the  curve,  figure  1,  was  constructed. 

Thirty-eix  bottles  of  equal  volume — -137  cc. — were  filled  with  tap  water 
which  had  previously  come  into  equihbrium  with  air  in  respect  to  tem- 
perature and  oxygen  content.  One  cubic  centimeter  of  a  concentrated 
suspension  of  Paramecium  gradually  transferred  to,  and  washed  two 

TABLE  1 

Saipention  of  a  pure  lint  of  Paranucium  caudatum  left  for  tkiTtysii  hourg  in  clear 
notice  hay  infusion,  then  cenlrifuged,  traneferred  ilowly  from  native  hay  infunim 
to  tap  looter  and  finally  washed  in  tap  water  tvm  timee.  TMrty-aix  bottles  of  1ST 
cc.  each,  filled  with  tap  mater.  Three  were  used  as  control  blanks.  To  each  one 
of  the  remainirig  SS  bottlee  was  added  1  cc.  amcentrated  Paramecium  suspension. 
Dissolved  oxygen  given  in  cubic  eentimelere  thiostdfate.     Temperature  tl  ^  fC. 
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times  in  tap  water  with  the  aid  of  the  centrifuge,  was  added  to  all  but 
three  of  the  bottles.  These  blanks  served  as  controls  to  determine  the 
amount  of  iodine  absorbed  by  the  1  cc.  Paramecia  during  analysis. 

Four  of  the  bottles  containing  1  cc.  Paramecium  were  analyzed  for 
dissolved  oxygen  at  once  to  determine  the  original  oxygen  content 
and  the  amount  of  the  iodine  absorbed  by  the  Paramecia  which  was  in 
this  experiment  0.16  cc.  At  ten-hour  intervals  after  the  b^inning  of 
the  experiment  as  indicated  in  table  1 ,  sets  of  two  to  four  bottles  were 
selected  at  random  from  among  the  remaining  and  analyzed  for  their 
dissolved  oxygen.     Averages  of  each  set  were  taken  and  are  given  in  the 
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table.  The  variation  of  nxm  temperature  durii^  the  experiment 
which  lasted  one  hundred  and  fourteen  hours  or  about  four  and  one-half 
days,  did  not  exceed  2°C.  This  variation,  however,  would  have  intro- 
duced noticeable  errors  in  the  results  if  it  had  not  been  for  the  fact 
that  the  variations  were  uniform  f f cm  day  to  day  and  so  on  the  average 
compensated  one  another.  In  other  experiments,  where  necessary, 
the  temperature  was  kept  constant  to  within  0.2  to  0.3°C.    The  con- 


Fig.  1 

dition  of  the  Paramecia  was  carefully  watched  by  means  of  the  binocular 
to  determine  if  injury  or  deaths  occurred  in  any  of  the  bottles  during  the 
experiment.  It  often  happens  that  transfer  to  pure  tap  water  is  too 
sudden  or  that  the  centrifuging  and  mechanical  manipulation  is  too 
severe.  Experiments  showing  evidence  of  such  unfavorable  treatment 
were  discarded  and  modifications  were  made  in  technique  so  as  to  elim- 
inate these  difBculties  in  other  experiments.     It  has  always  been  possi- 
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ble  by  this  means  to  obtain  favorable  conditions  so  that  the  animals  have 
remained  in  a  perfectly  normal  and  active  condition  for  several  days  in 
tap  water  under  conditions  of  starvation. 

The  averages  of  the  quantity  of  dissolved  oxygen  left  at  the  end  of 
the  different  time  periods  are  given  in  cubic  centimeters  of  a  thiosulfate 
solution  which  w&a  standardized  before  and  after  the  experiment  and 
found  uot  to  have  changed.  The  Paramecia  gradually  exhausted  the 
supply  of  dissolved  oxygen.  The  rate  at  which  this  supply  was  med 
up  will  be  seen  from  the  curve,  figure  1.  The  values  on  the  ordinate 
represent  the  average  number  of  cubic  centimeters  thiosulfate  equivalent 
of  dissolved  oxygen  in  table  1,  and  those  on  the  abscissa  the  time  in 
hourB  given  in  the  same  table.  The  rapid  fall  of  the  curve  during  the 
first  twenty  hours  shows  that  the  rate  of  oxygen  consumption  is  from 
two  to  three  times  greater  at  the  beginning  of  the  starvation  period  thEin 
later  on.  The  oxygen  consumption  during  the  last  three  days  is  very 
nearly  directly  proportional  to  the  time,  since  the  latter  part  of  the 
curve  is  practically  a  straight  line.  The  close  proximity  of  the  points 
to  the  curve  indicates  that  the  temperature  fluctuations  that  occurred 
did  not,  for  the  purpose  of  the  experiment,  appreciably  affect  the 
results. 

The  early  period  of  ten  to  twenty  hours  represents  the  time  when  the 
food  in  the  vacuoles  and  the  larger  part  of  the  deutoplasmic  (food) 
reserve  of  the  cell  becomes  exhausted.  The  protoplasm  changes  from  a 
gray  or  dark  color  in  transmitted  light  to  a  clear  transparent  almost 
colorless  condition.  A  higher  initial  rate  of  oxidation  immediately  after 
removing  from  native  medium  with  food  to  starvation  in  tap  water 
was  also  indicated  in  an  experiment  in  a  previous  paper  (7),  figure  1. 

During  such  an  experiment  the  oxygen  concentration  of  course  de- 
creases and  hence  it  was  at  first  thought  that  the  above  initial  high  rate 
of  oxidation  was  due  to  the  relatively  high  oxygen  concentration  at 
the  beginning,  while  the  subsequent  slower  rate  was  due  to  the  lower 
concentrations  of  dissolved  oxygen.  But  this  explanation  becomes 
impossible  since  it  has  been  definitely  shown  that  the  rate  of  oxida- 
tions in  Paramecium  is  independent  of  the  concentration  of  dissolved 
oxygen  (7). 

The  result  of  the  experiment  in  table  I  is,  however,  not  in  itself  con- 
clusive proof  that  the  rapid  decrease  in  rate  of  oxidation  during  the  first 
period  is  due  to  sudden  exhaustion  of  the  major  part  of  the  food  reserve 
of  the  cell  for  it  mi^t  be  assumed  to  be  due  to  stimulation  of  the  cell 
by  chemical,  OEonotic  or  mechanical  enviroimiental  changes  tiiat  neces- 
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s&rily  accompany  transfer  of  Farameeium  from  native  hay  infusion  to 
tap'  water.  It  therefore  became  desirable  to  arrange  experiments  in 
such  a  manner  that  all  such  objections  would  be  removed  by  showing 
that,  given  two  identical  lots  of  Paramecia  in  the  same  state  of  starva- 
tion, if  one  lot  is  fed  and  the  other  left  unfed,  the  fed  will  consume  more 
oxygen  in  the  same  given  period  of  time,  under  the  same  conditions, 
than  the  unfed.  These  conditions  were  fulfilled  in  the  following 
experiments. 

PREPABATION   OF  THE    PARAMECIUM   SUSPENSION   AND    THE   MBTHOn    OS' 
FEEDING 

Filling  the  bottles  with  tap  water  and  preparation  of  the  Paramecium 
suspensions  were  carried  out  according  to  the  method  described  in  a 
previous  paper  (8).  The  animals  were  placed  under  varying  conditions 
of  starvation  in  clear  native  hay  infusion,  and  various  dilutions  of  this 
clear  native  hay  infusion  and  tap  water.  Complete  starvation  occurred 
in  pure  tap  water  after  more  or  less  gradual  transfer  from  the  native 
medium. 

The  duration  or  degree  of  starvation  in  each  experiment  is  indicated 
in  the  descriptions  of  the  tables  which  follow. 

The  yeast  suspension  which  was  used  as  food  was  prepared  as  follows. 
One-third  of  a  cakeof  fresh  Red  Star  or  Fletschmaun's  compressed  yeast 
was  suspended  in  50  cc.  of  tap  water.  A  few  cubic  centimeters  of  this 
suspension  were  boiled  in  a  test  tube  for  two  or  three  minutes.  The 
suspension  was  shaken  to  prevent  clumping  and  then  quickly  cooled. 
This  procedure,  of  course,  kills  the  yeast  and  thus  prevents  consumption 
of  oxygen  by  the  yeast  when  it  is  afterward  added  to  the  bottles  con- 
taining Paramecia. 

The  sample  of  killed  yeast  was  now  washed  in  tap  water  two  or  three 
times  with  the  aid  of  the  centrifi^e  in  order  to  remove  the  extractives 
which  had  passed  into  the  water  during  boiling.  This  step  is  important 
since  if  the  extractives  from  the  boiled  yeast  along  with  the  yeast  itself 
are  added  to  the  water  of  the  bottles  which  contain  the  Paramecia, 
bacteria  will  sometimes  multiply  quite  rapidly  during  the  experiment 
and  therefore  will  consume  an  appreciable  amount  of  the  dissolved 
oxygen.  This  must  be  avoided.  After  carefully  adding  1  or  2  cc.  of 
Paramecium  suspension  to  each  one  of  the  bottles,  about  three  to  five 
drops  of  the  freshly  killed  and  washed  yeast  suspension  were  placed 
carefully  on  the  bottom  of  each  one  of  the  bottles,  the  Paramecia  of 
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which  it  waa  desired  to  feed.  All  the  bottles  were  immediately  stop- 
pered. The  Paramecia  in  the  bottles  to  which  killed  yeast  was  added 
very  soon  collected  on  the  bottom  of  the  bottles  and  in  an  hour  or  two 
they  were  seen  to  be  filled  more  or  less  with  vacuoles  coataining  yeast 
The  yeast  must  be  carefully  placed  on  the  bottom  of  the  bottle  using  a 
fine  long  capillary  pipette.  If  such  a  small  quantity  of  yeaat  cells  is 
suspended  in  the  water  of  the  bottle  the  concentration  of  yeast  is  too 
low  to  enable  the  Paramecia  to  "fill  up"  on  the  yeast  in  a  short  time 

TABLE  2 
Paramecium  starved  in  one-half  native  and  one-half  lap  water  for  forty-eight  fiovrs, 
thm  transferred  to  and  left  in  tap  mater  for  fourteen  hours  and  finally  concentrated 
viitk  centrifuge  and  washed  twice  in  tap  mater  just  before  being  used.  By  count 
there  mere  approrimately  117,000  Paramecium  per  I  cc.  of  the  stock  aaspention. 
Oxygen  given  in  cubic  centimeters  of  tkiosidfale.     Temperature  SS  ± .  t°C. 
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(9).  This  is  an  important  condition  for  the  best  success  of  the  experi- 
ment. More  than  three  to  five  drops  of  yeast  suspension  should  not  be 
added  for  this  is  an  ample  quantity  of  food  and  also  reduces  to  a  min- 
imum the  error  in  the  analysis  which  is  due  to  absorption  of  iodine  by 
the  yeast.  The  Paramecia  were  added  to  the  bottles  previous  to 
addition  of  the  yeast  in  order  to  avoid  disturbing  the  latter.  Recent 
experiments  by  Miss  Wolf  in  this  laboratory  have  shown  that  both 
boiled  and  living  yeast  which  has  been  washed  in  sterile  tap  water  will 
serve  as  a  satisfactory  food  for  Paramecium  for  pure  line  experiments, 


yGoogIc 


174 


E.   J.    LUND 


the  medium  being  sterile  tap  water.  The  tap  water  medium  and  food 
can  be  renewed  every  day  or  oftener,  if  neceasary,  to  prevent  bacterial 
growth;  thus,  so  far  as  can  be  judged  at  present,  doing  away  with  the 
usual  variability  in  the  medium  and  nature  of  the  food  when  hay  infu- 
sions are  used.  Growth  and  cell  diviaioQ  go  on  at  a  relatively  rapid 
rate  and  rhythms  in  rate  of  cell  division  as  found  by  Woodruff  (10)  are 
plainly  evident.  Results  of  these  studies  will  be  piAUshed  at  some 
later  time. 


Paramecin  removed  from  cultures  and  placed  for  forty-eighl  hours  in  nalive  mtdium 
diluted  to  twice  its  volume  with  tap  water.  They  were  then  cetUrifu^ed  and  wathtd 
three  times  during  a  gradual  tramfeT  to  pure  tap  water  over  a  period  o/  thirly-nz 
hours.     Temperature  t$.S''C. 
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Several  preliminary  experiments  were  CEtnied  out  in  order  to  test 
what  seemed  to  be  all  possible  sources  of  error.  Tables  2  and  3  give 
the  results  of  two  of  the  final  experiments  all  of  which  ^reed  in  showing 
a  marked  increase  in  oxy^eit  consumption  after  feeding.  The  error 
from  the  presence  of  the  yeast  and  the  Paramecium  are  corrected  by 
determining  the  iodine  absorbed  by  the  yeast  and  Paramecium  sepa- 
rately, columns  2  and  3,  and  collectively,  column  4,  in  each  of  the  tables 
2  and  3.  By  looking  at  these  figures  in  the  tables  it  is  clear  that  the 
sum  of  the  amounts  of  iodine  absorbed  by  the  yeast,  column  2,  and  the 
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amount  of  iodine  absorbed  by  the  Paramecia,  column  3,  are  practically 
equal  to  the  amounts  of  iodine  absorbed  by  the  yeast  and  Paramecia 
when  placed  in  the  same  bottle,  column  4.  This  shows  that  the  correc- 
tions are  satisfactory  and  that  the  control  as  arranged  may  be  fully 
depended  upon  to  give  values  which  can  be  used  in  determining  the 
actual  amounts  of  oxygen  present  at  the  beginning  as  well  as  at  the  end, 
90  far  as  the  errors  of  the  analysis  due  to  the  presence  of  Paramecia 
and  yeaat  are  concerned. 

In  order  to  determine  if  the  dead  yeast  cells  which  were  added  to  the 
bottles  to  be  analyzed  at  the  end  of  the  experimental  period,  column  5 
and  7^  do  constime  any  oxygen  during  this  period,  a  control  containing 
only  yeast,  column  5,  was  analyzed  at  the  end  of  the  experimental  period. 
The  average  amount  of  oxygen  consumed  by  this  yeast  would  of  course 
be  the  difference  between  the  average  oxygen  contents  of  the  bottles  in 
column  2  and  column  5.  This  is  given  at  the  bottom  of  column  5  of 
the  tables.  It  will  be  seen  that  this  amounts  to  about  0.05  cc.  thiosul- 
fate  which  is  about  equal  to  the  largest  error  in  titration  with  careful 
work.  The  amounts  of  oxygen  consumed  during  the  experimental 
period  by  the  starving  Paramecia  are  given  at  the  bottom  of  column  6 
of  the  tables,  and  represent  the  difference  between  the  average  oxygen 
content  at  the  beginning,  column  3,  and  end  of  the  experiment,  column 
6,  They  are  respectively,  for  the  two  experiments,  tables  2  and  3, 
0.27  CO.  and  0.34  cc.  thiosulfate  equivalent  of  oxygen.  Since  tiie  con- 
trols, columns  2  and  5,  show  that  no  oxygen  has  been  consumed  by  the 
yeast,  then  it  will  be  evident  that  the  amount  of  oxj^en  consumed  by 
the  fed  Paramecia  is  equal  to  the  difference  between  the  average  oxygen 
content  of  the  bottles  in  columns  4  and  7.  In  table  2  this  difference  is 
'  0.94  cc.  while  in  table  3  it  is  0.67  cc.  thiosulfate.  The  average  amount 
of  oxygen  consumed  in  table  2  by  the  starved  Paramecia  is  0.27  cc. 
while  that  consumed  by  the  fed  is  0.94  cc.  thiosulfate  equivalent,  that  is, 
the  total  oxygen  consumed  in  nine  and  one-half  hours  under  the  same 
conditions  except  that  of  food  was  between  three  and  four  times  as 
much  by  the  fed  Paramecia  as  that  by  the  starved  in  table  2,  and  in 
table  3  it  was  about  twice  as  much.  These  differences  are  very  much 
greater  than  could  be  accounied  for  by  errors  entering  into  these  experi- 
ments. The  longer  the  duration  of  the  starvation  the  greater  within 
certain  limits  is  the  difference  in  the  rates  of  oxidation  of  the  starved 
and  fed  Paramecia.  Hence,  in  order  to  obtain  significant  differences 
in  such  experiments,  the  animals  must  be  starved  for  a  sufficient  length 
of  time.    Several  experiments  ntft  reported  brought  out  this  point 
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very  clearly.  Furthermore  tie  animals  must  be  washed  carefully  in 
tap  water  to  avoid  introducing  excessive  numbers  of  bacteria.  That 
bacteria  did  not  develop  in  those  bottles  containint^  yeast  and  so  cod- 
sumed  any  detectable  amount  of  dissolved  oxygen  during  the  above 
experiments  is  shown  by  the  equality  of  the  averages  in  columns  2  and 
5  of  the  tables.  To  obtain  such  results  it  is  usually  necessary  to  wash 
the  boiled  yeast  in  sterile  tap  water  as  described  above,  before  adding  it 
to  the  bottles  so  as  not  to  introduce  any  dissolved  substances  which 
may  serve  as  a  source  of  food  for  bacteria. 

The  question  arises,  was  this  great  increase  in  oxygen  consumption 
by  the  fed  Paramecia  in  tables  2  and  3  accompanied  by  cell  multiplica- 
tion and  hence  doubling  or  trebling  the  amount  of  living  protoplasm 
during  the  experimental  period  of  nine  or  nine  and  one-half  hours? 
That  cell  multiplication  did  not  accompany  the  two-  to  threefold  rise 
in  oxygen  consumption  after  feeding  during  the  above  experimental 
periods  becomes  evident  from  the  following  facts:  a.  In  individual  pure 
line  cultures  in  watch  glasses,  previously  starved  Paramecia  in  tap 
water  suddenly  fed  on  boiled  yeast  usually  do  not  pass  through  the  first 
division  under  the  conditions  of  the  above  experiments  until  after  periods 
of  from  twelve  to  twenty-four  hours.  The  experimental  periods  were 
only  nine  or  nine  and  one-half  hours,  b.  Comparative  counts  of  the 
niunber  of  Paramecia  in  bottles  containing  the  same  number  of  animals 
at  the  b^^ning,  the  animals  of  one  bottle  being  fed  while  those  of  the 
other  were  not,  showed  that  if  division  did  occur  during  the  nine  and 
one-half  hours  it  certainly  did  not  occur  to  any  detectable  degree, 
for  the  counts  of  the  fed  and  starved  animals  at  the  end  of  nine  and  one- 
half  hours  were  practically  the  same.  Such  counts  were  carried  out  for 
the  experiments  in  tables  2  and  3  by  a  method  the  details  of  which  can- 
not be  given  here.  c.  Examination  of  the  bottles  from  time  to  time  by 
the  aid  of  a  binocular  showed  no  dividing  animals  but  did  show  that  the 
cells  had  eaten  the  yeast  and  were  in  general  larger  than  the  starved 
ones.  From  this  t(  must  be  concluded  that  the  two-  to  tkre^oid  tncreaae 
in  Ike  rate  of  oxidaiion  accompanied  growth  of  the  cell  and  not  cell  diviaion 
in  these  experiments.  This  is  furthermore  made  certain  by  a  considera- 
tion of  the  curve,  figure  1  above,  which  shows  that  the  oxygen  con- 
sumption was  high  at  the  time  of  removal  to  tap  water  and  low  at  the 
end  of  twenty  to  thirty  hours.  Cell  division  could  of  course  not 
account  for  this  result,  and  since  none  of  the  cells  died  it  is  evident  that 
the  change  in  the  speefl  of  oxidation  is  in  these  experiments  clearly 
correlated  in  some  way  to  growth  and  starvation  processes  in  the  cell. 
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The  results  of  experiments,  tables  2  and  3,  similarly  support  the  previous 
explanation  of  the  early  rapid  consumption  of  oxygen  shown  in  the 
curve  of  fii^ure  1,  namely  that  this  high  initial  rate  was  due  to  the  rela* 
tively  well  nourished  condition  of  the  cell  immediately  after  removal 
from  native  hay  infusion  as  compared  to  the  condition  of  acute  starvation 
after  twenty  hours. 

Further  convincing  evidence  that  the  rate  of  i^piratory  metabolism 
i;i  Paramecium  after  feeding  is  increased  several  fold  will  be  given  in  a 
following  paper  on  carbon  dioxide  production.  Discussioo  of  the 
significance  of  the  results  will  be  postponed  until  all  the  data  have  been 
reported. 

The  detaUs  of  experiment  and  conditions  have  been  given  in  some 
detail,  if  not  fully,  for  the  purpose  of  showing  the  precautions  necessary 
and  the  way  in  which  such  experiments  must  be  controlled  in  order  to 
obtain  satisfactory  data. 

StTUUART 

1.  When  Paramecium  is  removed  from  its  native  hay  infusion  in  a 
well  nourished  condition,  to  a  condition  of  starvation  in  tap  water, 
the  rate  of  oxidations  in  the  cell  decreases  simultaneously  with  the 
disappearance  of  the  greatei;  amount  of  the  deutoplaamic  food  reserve 
of  the  protoplasm. 

2.  Feeding  boiled  yeast  to  a  Paramecium  which  has  been  brought 
into  a  state  of  acute  starvation  by  placing  it  in  tap  water  may  increase 
the  speed  of  the  oxidations  two  or  three  times  its  original  amount  in  the 
acutely  starved  but  otherwise  normal  active  cell.  This  increase  was  not 
accompanied  by  cell  division  in  these  experiments. 
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Fatigue  substances  were  first  demonstrated  by  Ranke  (I)  in  1865. 
He  noted  the  depressing  or  fatiguing  action  on  skeletal  muscle  of  lactic 
acid,  acid  potassium  phosphate  and  carbon  dioxide.' 

The  production  of  lactic  acid  in  contracting  muscles  and  in  muscles 
undergoing  death  changes  was  demonstrated  by  Fletcher  and  Hopkins 
(2),  Fletcher  (3)  and  others.  Lee  (4)  was  the  first  to  record  graphically 
the  effect  of  these  substances  upon  the  contracting  muscles.  He  ob- 
served that  weak  solutions  perfused  through  the  muscle  for  a  long 
period  of  time  had  the  same  effect  as  a  strong  solution  in  a  shorter  time. 
In  both  cases  a  depressing  or  a  fatiguing  action  was  observed.  This 
depressant  action  of  sarcolactic  acid,  acid  potassium  phosphate  and 
carbon  dioxide  was  observed  in  both  curarized  and  non-curarized 
muscles.  A  dilute  solution  transfused  through  the  muscle  a  short 
time  brought  about  a  temporary  increased  excitability. 

More  recently  Bumdge  (5)  studied  the  effects  of  these  substances 
upon  muscles  which  were  excited  both  directly  and  indirectly.  When 
he  used  high  concentrations  of  the  acids  ,(0.25  j)er  cent)  he  found  a 
rapid  and  complete  disappearance  of  the  indirect  response,  followed 
shortly  by  that  of  the  direct.  Perfusion  of  normal  saline  gave  an  imme- 
diate and  apparently  complete  recovery  of  the  direct  response  but  not 
of  the  indirect.  In  a  very  short  time,  however,  the  response  to  direct 
excitation  disappeared,  regardless  of  whether  or  not  the  perfusion  was 
continued  or  whether  or  not  the  muscle  was  excited. 

'  For  a  complete  discusaion  of  the  early  literature  on  fatigue,  the  reader  ia 
referred  to  an  article  written  by  Frederic  S.  Lee  (4), 
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That  adrenalin  markedly  bettered  the  height  of  muscular  contraction 
was  demonBtrated  by  Cannon  and  Nice  (6),  Gruber  (7)  and  others. 
Gruber  noted  that  fatigue  decreased  the  threshold  irritability  of  the 
nerve  muscle  preparation  and  that  adrenalin  increased  this  decreased 
irritability,  Gruber  and  Fellows  (8)  demonstrated  that  adrenalin 
counteracted  the  decreased  height  of  contraction  and  decreased  irri- 
tability due  to  death  changes. 

In  this  research  we  wished  to  determine  whether  adrenalin,  which 
possesses  the  abiUty  to  increase  the  height  of  contraction  and  increase 
the  decreased  threshold  irritability  of  a  fatigued  muscle,  would  counter- 
act the  fatigue  produced  by  perfusing  moderately  strong  solutions  of 
fatigue  substances  through  the  muscle. 


The  animals,  cats,  were  anaesthetized  with  ether  and  then  tracheoto- 
mised  and  the  administration  of  ether  continued.  The  tendons  of  both 
tibialis  anticus  muscles  were  isolated  from  their  insertions  and  about 
each  was  tied  a  strong  l^ature.  The  anterior  tibial  nerves  were  iso- 
lated and  cut  and  their  distal  ends  fastened  in  Sherrington  shielded 
dectrodes,  held  securely  in  place  by  bringing  together  and  fastening 
with  paper  clips  the  cut  edges  of  the  skin. 

Both  muscles  were  then  prepared  for  perfusion.  The  femoral  arteries 
and  veins  were  isolated  and  cannulae  inserted,  after  which  the  animal 
was  quickly  killed.  One  limb  at  a  time  was  used.  Perfusion  was 
started  in  each  limb  a  few  minutes  before  experimentation  was  begun. 
The  work  on  the  second  limb  was  started  eight  to  fifteen  minutes  after 
the  animal  was  killed. 

The  medium  for  irrigation  was  a  warm  (36.5"  to  SS^C.)  Ringer's 
solution  at  a  pressure  of  85  cm.  of  water,  containing  only  the  oxygen 
absorbed  from  the  air. 

With  one  loop  of  cord  about  the  hock  and  another  around  the  foot 
just  below  the  fastening  of  the  tendon,  the  leg  was  bound  to  the  board. 
The  ligature  from  the  tendon  of  the  muscle,  after  passing  about  the 
pulleys,  was  fastened  to  a  muscle  lever  mounted  upon  a  tripod  base. 
The  pulleys  were  arranged  so  that  the  muscle  pulled  in  the  normal  direc- 
tion. The  muscle  lever  consisted  of  a  piece  of  light  straw  20  cm.  in 
length  from  the  axis  to  the  tip  of  the  parchment  paper  writing  point. 
The  tendon  attached  3  cm,  from  the  axis  began  at  the  moment  of  con- 
traction to  pull  against  an  initial  tension  of  60  grams  developed  in  a 
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coiled  apring  For  the  first  2.5  cm.  excursioii  of  the  muscle  lever  on  the 
drum,  this  was  increased  35  grams.  The  spring  was  attached  at  the 
same  position  on  the  lever  as  was  the  muscle.  Muscular  contraction 
was,  therefore,  magnified  about  6.66  times. 

The  strength  of  the  stimulating  current  was  0. 1  ampere  in  the  primary 
circuit  which  was  derived  from  a  storage  battery.  The  stimulating 
current  in  every  case  was  maximal  make  and  break  induction  shocks 
obtained  from  a  knife  blade  key,  propelled  by  a  motor.  The  rate,  S4 
times  per  minute  in  these  experiments,  was  slow  enough  to  produce 
vasodilatation  in  the  vessels  of  the  stimulated  muscle.  Both  make  and 
break  shocks  were  used  to  prevent  polarization  of  the  nerve. 

Merck's  lactic  acid  (which  was  found  to  be  inactive)  and  Mallin- 
ckrodt's  lactic  acid  (which  was  found  to  be  dextro-rotary  6.91°  at 

22.5''C.)  V 

.  lactic  acid  was  also  employed  in  approximately  an  ~  solution.    This 

was  obtained  by  extracting  Lieb^'s  meat  extract  with  ether  after 
precipitation  of  the  proteins  with  alcohol.  The  optical  rotation  before 
the  evaporation  of  water  was  dextro-rotary  0.57°  at  23°C.    Acid  potas- 

slum  phosphate  was  used  in  -  solutions.    Adrenalin  was  used  in  the 

form  of  adrenalin  chloride  and  of  crystalline  adrenalin,  epinephrin, 
1 :  1000  solution.  In  all  cases  the  fatigue  substances  and  adrenalin  were 
injected  at  body  temperature  into  the  perfusion  fluid  in  the  arterial 
cannula. 


Acid  potaaaium  phosphate.     We  found  as  did  Lee  and  Burridge  that 
acid  potassium  phosphate  markedly  depresses  muscular  contraction 

after  an  initial  excitation.     Infigurelat /,2cc.  of  anr  solution  of  acid 

[wtassium  phosphate  were  injected  into  the  perfusion  fluid.  There 
resulted  from  this  injection  an  initial  increase  of  about  3  per  cent,  last- 
ing for  six  contractions,  followed  by  a  marked  decrease  in  the  height  of 
contraction  of  about  78.5  per  cent,  accompanied  by  a  slight  development 
of  contracture.  This  marked  drop  in  the  height  of  muscular  contraction 
was  followed  by  a  slight  recovery.  At  B,  adrenalin  chloride  (0.5  cc.  of  a 
1: 1000  solution)  was  injected.    The  muscular  contractions  at  first 
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decreased  in  height,  A  marked  tQcreaee  followed,  the  muscle  contract- 
ing to  within  5  per  cent  of  its  original  height.  Adrenalin  in  this  case 
caused  an  increase  of  128  per  cent  in  the  height  of  muscular  contraction . 
In  some  muscles  after  the  administration  of  large,  concentrated  solu- 
tions of  acid  potassium  phosphate,  adrenalin  neither  caused  vasocon- 
striction nor  an  increase  in  the  height  of  muscular  contraction. 

Lactic  acid.  The  results  from  the  inactive  lactic  acid  were  not  sat- 
isfactory. It  produced  a  marked  decrease  in  the  height  of  contraction 
but  adrenalin  produced  a  betterment  of  only  2  to  4  per  cent  in  some  coses 
and  in  many  it  had  no  bettering  effect. 


Fig.  2.  /,  Icc.  ,",  Mallinckrodt  lactic  acid;  t,  epineplirin.  0.75  cc.  of  a.  1:1000 
solution.  Reduced  one-third. 

With  the  use  of  Mallinckrodt's  lactic  acid  good  results  were  obtained. 
This  acid  was  dextro-rotary,  6.91°  at  22.6''C.,  which  is  possibly  too  high 
for  pure  sarcolactic  acid.  There  appeared  to  be  no  organic  matter  or 
sugar  present.     In  figure  2  at  1,  while  the  muscle  was  still  developing 

M 

Its  treppe  1  cc.  of  an  —  solution  was  injected  into  the  perfusion  fluid. 

There  resulted  an  immediate  decrease  of  95.6  per  cent  in  the  height  of 
muscular  contraction.  At  Z.  epinephrin  (0.75  cc.  of  a  1 :  1000  solution) 
was  injected  from  which  there  resulted  immediately  a  betterment,  the 
maximum  being  127  per  cent. 
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SccraAatiic  acid.    Id  figure  SeAt,  while  the  treppe  was  still  developing 

H 

1  cc.  of  about  an  -  solution  of  sarcolactic  acid  was  injected.*    There 

resulted  as  in  figure  2, 1,  a  marked  drop  Id  the  activity  of  the  muscle  of 
65  per  cent  with  a  slight  development  of  contracture.  At  S,  epinephrin 
(1  cc.  of  a  1 :  1000  solution)  was  injected  into  the  perfusion  fluid.  An 
increase  of  91.7  per  cent  in  muscular  activity  was  the  result. 


Pig,  3.   /,  sarcolactic  acid  f,  I  cc;  *,  epiDephria,  I  cc.  of  a  1:1000  solution 
Reduced  one-fifth. 


Adrenalin  (0.5  to  1  cc.  of  a  1 :  1000  solution)  counteracts  the  induced 
fatigue  produced  by  the  perfusion  of  fatigue  substances  such  as  sarco- 
lactic acid,  lactic  acid  and  acid  potassium  phosphate  through  the  muscle 
in  identically  the  same  way  as  it  does  the  fatigue  produced  normally  in 
active  muscles. 

Adren^n  in  some  cases  has  no  bettering  effect.  In  these  muscles  it 
also  has  no  ability  to  produce  vasoconstriction. 

*  On  account  of  the  amall  quantity  available  the  strength  of  the  sarcolactic  acid 
and  the  optical  rotation  could  not  be  accurately  determined.  The  optical  rota- 
tion of  this  solution  nhen  made  up  to  25  cc.  at  23°C.  was  0.57'  dextro-rotary. 
This  solution  of  sarcolactic  acid,  25  cc,  was  placed  in  a  beaker  and  allowed  to 
evaporate  to  a  thick  syrupy  liquid  which  amounted  to  I  cc.  This  was  then 
diluted  with  3  cc.  of  water  and,  if  it  were  pure  lactic  acid,  it  would  make 
approximately  an  ^  solution. 
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Burridge  (1)  noted  that  acid  sodium  phosphate  had  aa  action  upon 
contracting  muscles  similar  to  that  produced  by  the  fatigue  substances, 
acid  potassium  phosphate,  lactic  acid  and  carbon  dioxide.  The  muscle 
showed  a  marked  decrease  in  the  abihty  to  do  work  after  being  treated 
with  this  acid,  the  indirect  response  to  electrical  stimulation  dis- 
ap[>earing  before  the  direct  response. 

Since  adrenalin  counteracts  the  fatiguing  effects  of  sarcolactic  acid, 
lactic  acid  and  acid  potassium .  phosphate,  readings  were  made  to  note 
if  adrenalin  would  also  counteract  the  fatiguing  action  of  acid  sodium 
phosphate. 

UETHOO 

The  method  was  the  same  as  that  described  by  Gruber  and  Kretsch- 
mer(2).  The  injections  of  acid  sodium  phosphate  were  always  made 
before  the  fatigue  from  excitation  could  set  in.  Both  make  and  break 
shocks  were  used  to  avoid  polarization  and  to  increase  the  rate  of 
stimulation. 


The  results  with  this  acid  resemble  those  obtained  by  Gruber  and 
Kretschmer  upon  experimentation  with  sarcolactic  acid,  lactic  acid  and 
mono-potassium  phosphate.  A  marked  drop  in  the  height  of  contrac- 
tion usually  resulted  from  the  first  injection  (see  fig.  1).  Sometimes 
however,  three  or  more  injections  were  necessary  to  produce  a  marked 
drop  in  the  muscle  curve  (see  fig.  2).     In  figure  1  at  i,  1  cc.  of  a  warm 

M 

—  acid  sodium  phosphate  solution  was  injected  into   the  perfusion 
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fluid.  There  resulted  a  decrease  of  97  per  cent  in  the  height  of  muscular 
contraction.  At  S,  epinephrin  (1  cc.  of  a  1  :  1000  solution)  was  injected, 
the  rate  of  flow  of  the  perfusion  fluid  decreased  from  60  drops  per  minute 
to  1  drop  per  5  miBUtcs  with  an  increase  in  the  height  of  muscular  teOD- 
traction  of  104.5  per  cent. 

In  the  beginning  of  the  experiment  in  figure  2  the  make  shock  was 
maximal  but  the  break  shock  was  super^naximal  as  shown  after  the 
injection  of  acid  sodium  phosphate.    In  this  experiment  the  following 

injections  of  -  acid  sodium  phosphate  solution  were  made  at  1,  1  cc, 

at  £,  2  cc.  and  at  S,  2  cc.  In  each  case  there  was  a  recovery  of  the  break 
shock  but  after  the  third  injection  the  response  to  the  make  shock  ceased. 
It  will  be  noted  that  after  each  successive  injection  the  recovery  became 
less  steep  and  smaller  in  extent.  In  other  cases  a  sUght  recovery  was 
noted  after  the  third  injection  but  following  the  fourth  there  was  no 
recovery  but  a  gradual  decrease  in  the  height  of  muscular  contraction. 
In  these  muscles,  in  which  there  was  this  gradual  loss  as  in  the  muscle 
from  which  figure  2  was  made,  adrenalin  markedly  increased  the  height 
of  contraction.  In  figure  2  at  .f ,  1  cc.  of  epinephrin  (1 :  1000  solution) 
was  injected;  the  drops  from  the  venous  cannula  almost  ceased.  The 
hei^t  of  muscular  contraction  in  response  to  the  break  shock  increased 
from  15  to  31  nan.  or  106  per  cent.  The  make  shocks  increased  from 
almost  zero  to  23  mm.  in  height. 


Epinephrin  counteracts  the  fatigue  produced  by  the  perfusion  of  acid 
sodium  phosphate  as  tested  by  the  changes  in  the  height  of  muscular 
contraction.  In  all  cases  where  a  marked  recovery  was  obtained, 
epinephrin  caused  an  ahnost  complete  cessation  of  the  passage  of  the 
perfusion  fluid  through  the  muscle. 
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Quite  apart  from  its  possible  relationship  to  the  diminution  of  sugar 
in  the  blood  and  urine,  the  appearance  of  an  excess  of  lactic  acid  in  the 
blood  following  the  injection  of  alkali  is  of  interest  in  connection  with 
the  mochanism  by  which  the  acid-base  equiUbrium  is  maintained  in  the 
•  body.  Because  of  the  great  frequency  of  acidosis  as  a  pathologic  con- 
dition, this  has  received  much  more  attention  than  the  opposite  condi- 
tion of  alkalosis  and  the  nature  of  the  so-called  alkaline  reserves  which 
may  be  called  upon  to  combat  any  tendency  of  the  H-ion  to  overstep  the 
normal  bounds  is  thought  to  be  fairly  well  understood.  No  attention 
has,  however  been  paid  to  the  possible  nature  of  the  acid  reserve 
available  when  the  H-ion  for  any  reason  tends  to  become  less  than 
normal.  Under  normal  conditions  of  life,  there  is  a  tendency  to  a 
relative  increase  in  base  when  the  diet  contains  excess  of  vegetable  food 
and  there  may  be  certain  clinical  conditions,  such  as  tetany,  in  which 
an  alkalosis  occurs.  The  acid-base  equiUbrium  under  these  conditions 
is  probably  at  first  chiefly  maintained  by  neutralisation  of  the  excess  of 
base  in  the  plasma  by  COi  and  by  conversion  of  NaHiP04  into  NaiHPOi. 
Other  changes  are  that  more  ammonia  is  converted  into  urea  so  that 
the  ratio  between  urea-N  and  NHi-N  in  the  urine  falls  and  some  of 
the  alkali  combines  with  protein.  Besides  these  adjustments,  the 
possibility  exists  that  unoxidized  acids,  such  as  lactic  acid,  are  used. 
It  was  more  particularly  to  investigate  this  possibiUty  that  the  present 
research  was  undertaken. 

It  might  be  assumed  that  the  appearance  of  an  excess  of  alkali  in 
the  organism  would  be  entirely  prevented  by  its  combination  with 
carbonic  acid.  About  0.5  gram  of  C0»  are  produced  by  aman  of  average 
weight  in  one  minute  and  this  would  neutralize  about  the  same  amount 
of  base  as  NaOH,  an  amount  which  is  many  times  in  excess  of  what 
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could  possibly  be  absorbed  from  the  inteatinea  in  the  same  period. 
If  the  neutralization  of  excessive  base  were  affected  solely  in  this  way, 
an  increase  of  NaHCOj,  and  consequently  of  the  carbonate  anioD 
HCOi,  would  occur  in  the  blood.     This  follows  from  the  fact  that 

there  can  be  no  appreciable  change  in  the  ratio  of  ~  for  the  molecular 

r   H,CO,  1 
equation    w  irpo.     provided   Cm  remams  constant.    That  C(X  is 

used  in  this  way  (i.e.,  to  form  NaHCOi)  is  shown  in  reeulte  obtained 
in  this  laboratory  by  R.  W.  Scott,  who  found,  after  injecting  sodium 
carbonate  solution,  that  the  COi-content  of  the  blood  increased  far 
beyond  the  amount  that  could  be  accounted  for  by  adding  the  injected 
carbonate  to  the  COi  already  present  in  the  blood.  An  increase  in  the 
carbonate  anion  has,  however,  been  shown  by  the  work  of  Hooker, 
Wilson  and  Connett  (2)  and  R.  W,  Scott  (3)  to  cause  a  stimulation  of 
the  respiratory  center  which  is  more  or  less  independent  of  the  K-ion 
concentration  of  the  arterial  blood,  and  such  a  stimulation  of  respiration  - 
certainly  does  not  occur  at  any  stage  during  alkaU  injection.  It  has 
recently  been  shown  by  the  last  mentioned  worker  that  marked  stimu- 
lation of  the  respiratory  center  may  occur  in  decerebrate  cats  when 
there  is  an  excess  of  carbonate  in  the  blood,  even  when  €■  of  the  lat- 
ter is  much  below  the  normal  level,  indicating  quite  clearly  that  the 
HCOa  anion  itself  must  be  a  respiratory  excitant. 

To  prevent  accumulation  of  carbonate  in  the  blood  when  there  ia 
excess  of  base,  therefore,  it  is  theoretically  probable  that  organic  acids, 
such  as  lactic,  are  used.  We  have  accordingly  determined  the  amount 
of  this  acid  contained  in  the  urine  of  anesthetized  animals  before  and 
during  the  intravenous  injection  of  an  amount  of  alkali  sufficient  to 
lower  Ch  of  the  blood  and  it  has  been  found  that  when  the  base  is  added 
in  excess  of  the  amount  which  could  be  neutralised,  the  salt  of  the  organic 
acid  accumulates  in  the  blood  and  appears  in  the  mine.  Although  a 
considerable  amount  of  lactic  acid  was  found  to  appear  in  the  urine 
during  the  time  of  the  observation,  the  quantity  excreted  was  sufficient 
to  account  for  only  a  small  fraction  of  the  administered  alkali.  This 
result  raises  the  question  as  to  whether  lactic  acid  production  would 
occur  when  the  increase  of  alkalinity  was  insufficient  to  affect  C^  of  the 
blood  appreciably,  and  if  so,  whether  it  could  be  demonstrated  in  the 
urine  when  excessive  amounts  of  base  were  absorbed  from  the  intestine. 
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Most  of  the  animals  were  aoeathetized  with  ether,  care  being  taken 
to  avoid  excessive  stru^^liog  or  dyspnea.  Id  one  or  two  caaea  urethane 
was  used,  but  not  as  a  rule  since  this  drug  may  itself  lead  to  lactic  acid 
production.  Cannulae  were  then  inserted  in  the  trachea,  ureters,  femor- 
al artery  and  femoral  vein.  Isotonic  saline  solutions  containing  varying 
percenta^  of  NaiCO«  were  injected  through  the  vein  cannula,  usually 
by  means  of  Woodyatt's  perfusion  apparatus.  Samples  of  about  40 
cc.  each  of  blood  were  removed  at  intervals  from  the  artery  cannula  and 
immediately  delivered  into  tared  flasks  containing  100  cc.  2  per  cent 
HCl.  The  flask  was  then  weighed  and  sufficient  of  a  saturated  solution 
of  HgCli  added  to  precipitate  the  protein,  the  total  volume  being 
noted.  After  removal  of  the  protein  and  mercury,  an  aliquot  portion 
of  the  solution  was  saturated  with  (NH4)tS0i,  further  acidified  with 
HtPOi  and  extracted,  without  previous  evaporation,  in  either  the  Lind 
or  the  Dunbar  apparatus.  Our  experience  shoira  that  it  is  advisable 
not  to  evaporate  the  blood  filtrate  prior  to  extracting  with  ether,  since 
it  is  difficult  to  do  this  without  some  loss  of  lactic  acid  (due  to  anhydride 
formation).  After  extraction  for  48  hours  and  evaporation  of  the  ether, 
the  residue  was  immediately  oxidized  by  N/200  permanganate  according 
to  the  von  FOrth-Chamass  method. 

When  urine  was  used,  it  was  immediately  saturated  with  (NH<)»SO<  . 
acidified  and  extracted  with  ether,  the  extract  after  removal  of  ether 
being  then  oxidized.  Ishibara  (4)  states  that  it  is  advisable  to  precip- 
itate the  urine  with  phosphotungstic  acid  and  then  evaporate  to  small 
bulk  before  the  ether  extraction.  Quite  apart  from  the  expense  and 
loss  of  time  involved  in  such  a  process,  the  necessity  of  evaporation  to 
small  bulk,  even  when  it  ia  done  at  reduced  pressure,  incurs  the  risk 
of  loss  of  lactic  acid.  We  find  that  prolonged  ether  extraction  of  fresh 
urine  after  saturating  with  ammonium  sulphate  removes  all  of  the  lactic 
acid. 

We  have  evidence  to  show  that  the  bisulphite-combining  power  of  the 
oxidation  distillate  is  a  true  measure  of  the  actual  lactic  acid  present 
when  blood  is  used,  but  it  is  doubtful  whether  this  is  the  case  with  urine. 
The  ether  extract  of  the  latter  contains  a  considerable  amoimt  of  sub- 
stance which  is  oxidised  by  permanganate  so  that  much  more  of  this 
has  to  be  added  before  oxidation  is  complete  than  is  the  case  with 
blood.  The  distillate  also  invariably  binds  a  small  amount  of  bisul- 
phite, which  is  not  proportional  to  the  duration  of  the  oxidation  process. 
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This  bisulphite-biDding  substance  in  the  normal  urine  expreased  in 
terms  of  N/20  iodine  is  not  large.  In  a  series  of  doga'  urine,  it  was  as 
follows:  2.1  CO.,  3.3  cc,  1.4.  The  variations  for  rabbits'  urine,  along 
with  the  amotmts  of  urine  used  (id  brackets),  were:  2.4  (60  cc);  1.5  cc. 
(50  cc);  1.6  (43  cc);  1.1  (15  cc);  2.2  cc.  (142  cc);  2.4  (20  cc);  1.6  cc 
(55  cc) ;  1.2  (30  cc);  0.9  cc  (150  cc.) ;  0.9  (12  cc).  Some  of  the  animals 
were  fed  and  others  starved,  which  accounts  for  the  variations  in  the 
volume  of  urine  but  it  is  clear  that  the  binding  substance  bears  no 
proportion  to  the  amount  of  urine.  Although  the  ether  was  shaken 
with  KOH  and  distilled  after  washing  and  drying  over  CaCk,  it  is 
probable  that  a  part  at  least  of  the  binding  substance  in  most  instances 
was  derived  from  this  source.  Blanks  of  the  reagents  alone  were  not 
run  with  sufficient  frequency  but  since  conclusions  are  drawn  from  the 
results  only  when  a  very  pronounced  amount  of  bisulphite-binding 
substance  distilled  over,  the  omission  is  of  no  practical  consequence. 

In  view  of  these  facta,  we  must  at  present  disregard  the  results  on 
urine  unless  when  the  increase  in  bisulphite-combining  power  is  very 
distinct,  and  even  then  we  cannot  be  certain  that  lactic  acid  is  alone, 
or  mainly,  responsible  for  the  increaae.  The  presumptive  evidence  isin 
favor  of  the  oxidizable  material  being  lactic  acid,  but  it  would  be  neces- 
sary, before  we  could  be  certain,  to  isolate  and  identify  as  the  sine  salt 
and  see  whether  the  amount  thus  recovered  agreed  with  the  amount 
.  as  determined  by  the  permanganate  method.  We  have  several  times 
attempted  this  isolation  of  zinc  lactate  from  urines  showing  a  laT;ge 
percental  of  lactic  acid  by  the  oxidation  method,  but  so  far  without 
success.  Very  marked  qualitative  reactions  for  lactic  acid  (Hopkins- 
Cole)  are  obtained  in  the  ethereal  extracts  of  such  urines  but  there 
appears  to  be  something  present  which  interferes  with  the  crystallization 
of  the  zinc  lactate.  Preliminary  treatment  of  the  extract  with  lead 
carbonate  (to  remove  most  of  the  traces  of  inorganic  salts  and  of  HtPOi 
which  comes  over  with  the  ether  in  the  extraction  apparatus)  and  sub- 
sequently with  charcoal,  has  not  been  found  to  remove  satisfactorily  all 
of  the  interfering  substances. 

Further  details  of  the  purely  biochemical  aspects  of  our  problem  will 
be  published  later,  but  meanwhile  we  would  point  out  that  caution 
should  be  exercised  in  calculating  as  lactic  acid  all  of  the  bisulphite- 
combining  substance  in  the  oxidation  mixture.  We  note  that  this  has 
been  done  by  Dapper  (5)  and  by  Ishihara  (4). 
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Lactic  acid  in  the  urine  during  the  intravenous  injection  of  sodium 
carbonate.  These  observations  were  made  partly  on  rabbits  and  partly 
on  dogs.  Table  1  gives  typical  results  on  two  rabbits.  In  experiment 
XVI,  a  total  of  8.9  grams  NajCOj  was  injected  at  the  rate  of  1  cc.  per 
minute  over  a  period  of  about  four  hours.  There  was  no  effect  on  the 
respiratory  rate  until  shortly  before  death,  although  P^  rose  steadily 
from  the  normal  of  7.4  to  7.8.  The  urine  was  excreted  in  large  amount 
and  was  removed  in  50  to  70  cc.  quantities  and  the  lactic  acid  deter- 
mined. A  steady  increase  occurred,  the  total  amount  excreted  during 
the  injection  being  0.650  gram.  This  would  suffice  to  neutralize 
4.3  per  cent  of  the  injected  carbonate. 

In  experiment  XVII,  the  carbonate  solution  was  twice  the  strength 
of  that  used  in  XVI,  and  its  injection  caused  complete  apnea  after  about 
fifty  minutes.  The  Ph  of  the  blood  rose  to  7.9  and  less  urine  was 
excreted  than  in  the  previous  animal.  A  total  of  0.246  gram  lactic  acid 
was  excreted,  which  is  sufficient  to  neutralize  lees  than  2  per  cent  of  the 
alkali  injected. 

While  the  results  of  these  experiments  clearly  show  that  lactic  acid 
or  something  closely  related  to  it,  appears  in  the  unne  following  alkali 
injection,  the  quantity  is  insufficient  to  neutralize  more  than  a  very 
small  fraction  of  the  alkali.^         * 

Similar  results  were  obtained  by  observations  on  dogs  (of.  table  2). 

In  the  first  of  these  (exp.  XVIII),  the  alkali  was  injected  rapidly 
(about  2.5  per  minute)  in  2  per  cent  solution,  causing  a  marked  rise  in 
Ph-  The  urine  was  freely  excreted  and  in  the  specimens  examined 
there  w^  a  decided  increase  in  lactic  acid.  The  total  amount  of  lactic 
acid  was  not  determined  so  that  the  relationship  between  this  and 
the  amount  of  injected  alkali  can  not  be  calculated. 

In  experiment  XIX  the  alkaline  solution  was  so  slowly  injected  that 
there  was  only  a  slight  increase  in  Pa.  The  urine  was  very  slowly 
excreted  and  contained  a  total  of  0.250  gram  of  lactic  acid  or  about 
5  per  cent  of  the  amount  required  to  neutralize  the  injected  alkali. 
This  animal  was  anesthetized  with  urethaue  and  ia  therefore  not 
strictly  comparable  with  the  others,  in  which  ether  was  used. 

'  Allowanoe  was  not  made  in  calculating  the  amounts  for  the  bisulphite- 
binding  material  in  the  normal  urine  and  reagents.  This  is  however  so  email 
compared  with  the  amounts  found  after  alkali  that  allowance  for  it  would  not 
materially  affect  the  calculations. 
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TABLE! 


h 


R  or  KmCOi  MLOtiaH  nWMTBD 


Exptriment  XVI.    Rabbit,  weight  1.1  kgm. 


|t 


itg.C. 

<«. 

omt 

Started  at 

5.20 

m 

3fl.l 

50 

J.OIOJO.OO! 

7.4 

6.10 

84 

38.6 

48  cc.  6  per  cent  solution 

00 

l.OM 

).044 

7.05 

40  cc.  5  per  cent  solution 

60 

}.120  ).06C 

7.6 

7.65 

SO 

38.0 

60  cc  5  per  cent  solution 

70 

).240  ).17C 

8.38 

78 

37.8 

40  CO.  5  per  cent  solution 

70 

).30C 

).21C 

7.8 

9.30 

56 

36.8 

22 

0.760 

D.17U 

8.9  gramB  Na.CO.  (equiv»lent 
to  15.1  grams  lactic  acid) 

0.66 

Sxperimtnt  XVII.    Bahbit,  weight  5.W  kgm. 


Started  at 
2.27 
3.20 
3.56 

96 
00 
75 

38 
36 

60  cc.  per  cent  solution 
Became  apneic.    Stopped  Nai- 
CO,  after  52  cc.  iniect«d  for  36 

20 
50 

0.22O 

0.110 

7.3 
7.7 

4.00 

9.340 

0.135 

4.30 

20-40 

36.4 
Dead 

Rabbit  apneic.    Injection  Btop- 

ped 
35  cc.  10  per  cent  solution 

35 

7.9 

to  14.4  grams  lactic  acid; 

0.245 

Id  experiment  XX,  even  less  alkali  was  given  although  the  P^  of  the 
blood  rose  to  7.6.  Urine  excretion  was  somewhat  more  rapid  and  a 
total  of  0.180  gram  of  lactic  acid  appeared  or  about  5.3  per  cent  of  the 
amount  required  to  neutralize  the  injected  alkali. 

In  experiment  XXI,  the  some  strength  of  alkaUne  solution  was 
injected,  but  more  rapidly,  with  the  result  that  Ph  of  the  blood  remained 
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TABLE  1 
'^nM**      inoom or  NmOOi aoLvnan P_  of 


Bxperiment  XVIII.    Dog.  weight  5.8  kgm. 

(etAw) 

im.C. 

<C. 

|H-«M 

tmu 

Nomul 

37.1 

2. 48 

37.6 

60  cc.  2  per  cent  solution 

3.12 

38  cc.  2  per  cent  solution 

(2)  SL 

0.13( 

7.6 

4.05 

36.0 

50  cc.  2  per  cent  eolution 

(3)  ac 

0.I0( 

4.10 

60  cc.  2  per  cent  solution 

4.30 

(4)  4( 

7.7 

4.4S 

4.56 

60  cc.  2  per  cent  solution 

(6)  4( 

S.16 

60  cc.  2  per  cent  solution 

S.35 

60  cc.  2  per  cent  solution 

fi.M 

60  cc.  2  per  cent  solution 

6.00 

36.0 

60' 

6.20 

60  cc.  2  pet  cent  solution 

6.26-26 

35.7 

45  cc.  2  per  cent  solution 

0.200 

7.9 

Experiment  XIX.    Dog,  tneighl  0  kgm.  (.wethaiu) 


Normal 
38.6 

No  urine 

7.45 

2.20 
3.0« 
3.15 
3.65 
4.40 
5.00 
6.00 

38.3 
38.6 

SO  cc.  2  per  cent  solution 
60  cc.  2  per  cent  solution 

11 
10 

0.46t 
1.04t 

0.050 
0.200 

7.5 

About 
7.6 

Totals 

3  KTsniB   (equivalent  to 
5.1  grams  lactic  acid.) 

0.250      rwns 
(equal  to   5 
per  cent  of 
required 
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TABLE  l-Cmlmutd 

AHOUHT  or  NtuCOl  SOLUTIDH       


Experiment  XX.     Dog,  weight  10  kgm.  (ether). 


dtt.C. 

38.1 

«. 

pfl-croi 

""" 

7.45 

3.45 
4.20 
5.00 
S.05 
5.10 
5.50 
6.40 
6.50 

37.2 

50  cc.  1  per  cent  aolutioD 
50  cc.  1  per  cent  solution 

50  cc.  1  per  cent  solution 
50  cc.  1  per  cent  solution 

20 
20 

0.390 
0.495 

0,0180 
0.100 

7.55 
7.6 

Totals 

2  tcrams   (equivalent  to 
3.4  grams  lactic  acid.) 

9.180        gram 
(equal  to  53 
per  cent  of 

required 

Experiment  XX.     Dog,  weight  16,6  kgm.  {ether) 


1.05 

7.4 

1.09J 
1.29 
1.50 
2.10 
2.31 
2.50 
3.12 
3.31 
3.54 

ft 

50  cc.  1  per  cent  solution 
50  cc.  1  per  cent  solution 
60  cc.  I  per  cent  solution 
50  cc.  1  per  cent  solution 
50  cc.  I  per  cent  solution 
50  cc.  1  per  cent  solution 
50  cc.  1  per  cent  solution 
50  cc.  1  per  cent  solution 

300 

0.130 

Totab 

4  grama  Na-CO.  (equiva- 
lent to  6.8  grams  tactic 
acid.) 

0.390       grama 
or  nearly  6 
per  cent  of 
required 

amount 

*  Large  amount  between, 
t  In  both  of  these  the  back  titration  y, 
probably  more  lactic  acid. 

X  Ethei  given. 


i  only  0.2  cc.  N/20,  so  that  there  k 
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practically  constant  but  there  was  marked  diuresis.  A  total  of  0.390 
gram  lactic  acid  was  excreted,  corresponding  to  about  6  per  cent  of  the 
amount  of  alkali  injected. 

In  the  experiments  of  the  immediately  preceding  group,  the  alkali 
was  continuously  injected  while  the  urine  was  being  collected.  It 
was  thought  possible  that  a  larger  amount  of  lactic  acid  in  proportion 
to  the  alkali  injected  might  be  obtained  if  the  alkali  were  given  within  a 
short  period  of  time  at  the  beginning  of  the  observation  and  the  urine 
collected  for  a  subsequent  period  of  several  hours.  The  results  of  two 
such  observations  are  given  in  table  3,  and  from  them  it  appears  that 
contrary  to  expectation,  relatively  less  of  the  lactic  acid  used  to  neu- 
tralize the  alkali  was  excreted  in  the  urine  during  the  observation  than 
when  the  alkali  injections  were  continuous.  In  both  experiments  a 
marked  increase  in  the  percentage  of  lactic  acid  was  observed  in  blood 
which  was  removed  several  hours  after  discontinuing  the  injections  of 
alkali,  and  corresponding  to  this  there  was  a  continued  excessive  amount 
of  lactic  acid  in  the  urine.  Indeed  in  one  of  the  experiments  the  urinary 
excretion  of  lactic  acid  progressively  became  greater.  Had  the  observa- 
tion been  continued,  it  is  evident  that  a  much  larger  total  amount  of 
acid  would  have  been  recovered. 

The  effect  produced  by  the  oral  administration  of  alkali  on  the  lactic  add 
of  the  urine.  Although  the  lactic  acid  excreted  in  the  urine  following 
intravenous  injection  of  alkali  is  sufficient  to  neutralize  only  a  small 
fraction  of  the  administered  alkali,  the  amount  thus  excreted  is  bo  much 
in  excess  of  that  which  is  apparently  present  in  normal  urine  that  it 
seemed  advisable  to  see  whether  any  increase  would  occur  when  alkali 
was  given  by  way  of  the  stomach.  Since  it  is  uncertain,  as  has  already 
been  pointed  out,  whether  all  of  the  bisulphite-combining  material 
which  comes  over  in  the  distillate  during  the  oxidation  of  the  ether 
extract  of  urine  is  really  lactic  acid,  one  cannot  draw  conclusions  from 
the  results  unless  decided  increases  are  found  to  occur.  Even  in  this 
case  we  cannot  be  certain  that  it  is  really  to  lactic  acid  that  the  increase 
is  due.  Notwithstanding  these  criticisms,  we  have  thought  it  advisable 
to  report  in  condensed  form  the  results  which  have  been  obtained. 

1.  Two  observations  were  conducted  on  a  cat  kept  on  a  constant 
diet  of  fish  and  also  fed  by  stomach  tube  at  9  a.m.  daily  with  a  soup 
made  of  minced  liVer,  flour  and  water.  On  certain  days  sodium  carbon- 
ate or  bicarbonate  was  added  to  the  soup.  Any  effect  which  the  excite- 
ment and  occasional  struggling  occasioned  by  passing  the  stomach 
tube  might  have  on  lactic  acid  excretion  was  largely  discounted  by  the 
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TABLE  » 

™.. 

^. 

■ 

1 

^ 

■n 

■a 

■si 

Motm 

1 

P 

P 

a." 

l» 

kfpn. 

(eiA<r) 

9.40 

60.0 

0.034 

0.0169 

BlEulder  urine  removed 
and  c Annul  &e  inBerted 

10.10 

4ri»nBNa,C0.in 

10. M 

200    c.    0.9    per 

cent  NaCl 

10.56 

Ufi.l 

).0fi7 

J.OflB 

Urine  alkaline  (litmue) 

11.20 

7.4 

Urine  dower 
Blood  pressure  130 
Temperature  37.8 

12.35 

6  gTMM  urea  in- 
jected 

Urea  injected  for  diure- 
sis 

1.00 

3B.{ 

).1X 

).047 

2.4£ 

fiOC 

),2K 

>.10S 

2.60 

0.187 

Total  amount  of  lactic  add  (after  subtracting  normal),  0.164  gram. 

Total  alkali  injected,  4  grams  NatCOi,  requiring  6.79  grams  lactic  acid  to  neu- 

The  lactic  acid  excreted  suflSced  to  neutralize  2.1  per  cent  of  administered  alkali. 


Experimeta  XXV.     Weight  IS.t  kgnt- 

elh^) 

9.20 

flO.O 

9.48 

2.65  grams  Na,CO, 

No    change    in    blood 

10.17 

injected 

pressure   or   tespinv- 
tion  by  injection 

10.18 

Urine  alkaline  (Utanus) 

10.23 

).nM 

11.00 

5  grams  urea  in- 
jected 

Urea  for  diuresis 

12.00 

41.5 

).]i; 

\(m 

1.30 

fi  grams    urea    in- 
jected 

Urea  for  diuresis 

3.00 

2.6  grams  urea  in- 
jected 

Blood  pressure  110  mm. 

Hg. 
Temperature  38'C. 

4.10 

51  ( 

I.OIM 

I.IMH 

4.12 

0.126 

Total  amount  of  lactic  acid,  0.096  gram. 

Total  alkali  injected,  2.66  gram  NaiCOi,  requiring  4.6  grams  lactic  acid  to  neu- 
tralise. 

'nie  lactic  acid  excreted  sufficed  to  neutralise  2.1  per  cent  of  the  administered 
alkali. 
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procedure  being  gone  through  whether  or  not  the  soup  contained  the 
alkali.  Three  hours  after  giving  the  soup  (at  12  noon),  the  bladder  was 
emptied  by  catheter  and  after  measuring  the  specimen  of  urine  so 
obtained,  portions  were  taken  for  determination  of  P,  and  ammonia, 
the  remainder  being  added  to  the  urine  which  had  collected  during  the 
previous  twenty-four  hours  in  a  thoroughly  clean  metabolism  cage. 
The  lactic  acid  and  nitrogen  were  then  determined  in  the  total  24-hour 
specimen.  The  cat  was  fed  100  gram  fish  immediately  after  the  urine 
had  been  collected. 

Table  4  gives  the  result  of  the  two  experiments.  In  cat  I,  after  a 
preliminary  period  of  eight  days  during  which  no  alkali  was  given, 
there  followed  one  of  six  days  during  which  0.5  gram  NaiCOt  per  kg. 
body  weight  was  mixed  with  the  food  daily.  This  was  followed  by  a 
third  period  without  alkali. 

The  carbonate  was  retained  by  the  stomach  except  on  the  second  day 
after  the  start,  when  most  of  the  soup  was  vomited.  That  the  alkali 
was  absorbed  and  had  called  into  play  tbe  neutralizing  mechaiiismB  of 
the  body,  is  indicated  by  the  increase  in  Ph  of  the  urine  and  by  diminu- 
tion in  the  ammonia  excretion. 

Regarding  lactic  acid  it  will  be  noted  that  the  daily  excretion  was 
fairly  steady,  with  the  exception  of  one  day,  until  the  alkali  period  when 
it  rose  from  an  average  of  about  0.007  gram  to  0.012  gram  on  the  first 
and  0.022  gram  on  the  third  days,  after  which,  although  the  alkaU  was 
still  being  given,  it  fell  back  to  the  normal  level.  A  alight  degree  of 
diuresis  resulted  from  the  alkali  administration,  but  that  this  diuresis 
alone  was  apparently  not  responsible  for  the  increase  in  lactic  acid  is 
evidenced  by  the  fact  that  the  actual  amount  of  bisulphite-combining 
substance  in  the  distillate  was  increased  from  a  steady  averf^  of  about 
1.7  cc.  N/20  for  the  normal  urines  to  over  4  and  5  cc.  on  the  first  and 
third  alkali  days,  respectively.  The  increase  in  supposed  lactic  acid 
is,  however,  very  small  and  the  result  must  be  considered  as  quite 
inconclusive. 

It  is  interesting  to  note  that  on  one  day  in  the  preliminary  normal 
period  (July  24)  the  lactic  acid  rose  very  decidedly  and  the  lelative 
ammonia  excretion  fell  without  change  in  Ph-  We  have  no  explanation 
to  offer  for  this  deviation  from  the  otherwise  fairly  constant  daily  values. 

In  the  second  experiment  the  procedure  was  much  the  same  as  in  the 
first  with  the  differences  that  the  stomach  tube  was  passed  twice  daily 
and  the  alkali  was  NaHCOj  instead  of  NajCOj.  It  was  thought  pos- 
sible that  by  more  prolonged  absorption  of  the  alkali  from  the  intestine, 
more  striking  results  might  be  secured. 
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TABLE  4 


«r.n. 

w. 

fM. 

July  18 

SOcc. 

0.004 

43 

July  19 

80  cc. 

O.OOf 

Bfl 

2,24 

4,13f 

July  20 

GOcc. 

o.oot 

76 

2.27 

4.ft2t 

J.  1-6.3 

July  21 

60  ec. 

0.001 

55 

1.78 

4.11* 

a. 1-6.3 

July  23 

50  oc. 

0.005 

80 

2.71 

4.042 

6.1-6.3 

July  24 

SOcc. 

0.02( 

95 

2.50 

1.862 

6.1-6.3 

July  25 

SOcc. 

O.OOf 

S« 

2  07 

3  fi61 

6.3-6.5 

July  26 

SOcc. 

O.Offi 

90 

l.fW) 

6,(121 

6.3-6.5 

July  27 

SO  cc.  +  NstCO, 

0.01! 

7B 

l.fW 

2.4SS 

8.3+ 

July  28 

50  cc.  +  NftiCO, 

Cat  vomited 

July  30 

50  cc.  +  Na,CO. 

0.02: 

103 

2.48 

1.36t 

8.2-^.3 

July  31 

SOcc  +Na,CO, 

0.007 

100 

1.72 

2.031 

8.3+ 

August    1 

60  cc.  +  Na,CO, 

o.m 

m 

0  4:i 

1.97f 

8.3 

August    2 

50  cc.  +  Na,CO, 

0.005 

78 

2.47 

4.43; 

8,3 

August,    3 

Normal  diet? 

0.003 

4S 

Cat  vomited  and 
no  Bpeciai  deter- 
minationa  mads 

August  .4 

50  cc. 

0.011 

107 

4.3 

7.412 

i,I3 

August    6 

SOcc. 

O.OOi 

80 

7.411 

5.3-6.5 

August    7 

100  cc. 

0,0ft 

98 

4.321 

3,3-6.5 

August    9 

100  cc. 

0.007 

loe 

2.9U 

S.3-6.5 

August  10 

100  cc. 

0,007 

70 

6.401 

],3-6.6 

August  11 

100  cc. 

0.004 

64 

2.976 

6.3-6.6 

Food  by  stomach,  60  cc.  at  time,  containing  15  grams  liver  and  10  grams  flour. 
Fed  at  9  a.m.    Bladder  specimen  taken  at  12,  and  after  this  cat  fed  in  normal 

fashion  approximately  100  grams  of  fish. 
Weight  of  animal  at  beginning  2.4  kilos,  on  August  11,  2.6  kiloa. 
NatCOi,  0.6  gram  per  kilo,  from  July  27  to  August  2,'  inclusively. 

Cat  II.     Catheter  specimen 


August    7 

100  grams 

0.006 

98 

4,32 

6,2-6.5 

August    9 

100  grams 

0.007 

106 

H.65 

2,  HI 

}.2-6,6 

August  10 

100  grama 

0.007 

70 

2-94 

6.41 

), 3-6.5 

August  II 

100  grama 

0.004 

54 

2,80 

2.97 

),3-6.5 

August  14 

100  grams  plus  2  gruns  NaUCO. 
per  kilo 

0.014 

116 

2,90 

0,64 

8,1-8.3 

August  15 

per  kilo 

2.D0 

8.1-8.8 
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TABLE  t—Cmlinard 


Col  II.    Cathtter  tpectm^n — ConUntttd 


Auput  16 

100  graiDB  plus  5  gruiu  NaHCO, 
per  kilo 

D.004T 

62 

0.60 

0.65 

8.3+ 

AuBuat  17* 

100  grama  pIuB  5  grame  N&HCOj 
per  kilo 

0.050 

lai 

a. 80 

0.16 

8.3+ 

August  18 

100  grams.    No  alkal: 

1.007 

200 

5.80 

1.67 

7,5-7.7 

August  19 

lOOgrwUB. 

0.006 

90 

2.34 

4,73 

B.3-6.6 

100  gm.  or  cc.  contaiaed  20  pn.  of  meat  and  10  gm.  of  bread.    This  was  fed  by 
stomach  tube  ia  two  portiooa  of  50  cc.  each,  one  at  9  a.m.,  the  other  at  3  p.m. 
In  the  late  afternoon  the  cat  waa  allowed  to  eat  in  the  normal  fashioa  approx- 
imately 100  gm.  of  fish. 
*  Cat  vomited  once  on  this  day. 

The  Ph  of  the  urine  and  the  relative  ammonia  excretion  again  both 
indicated  absorption  of  the  alkali,  and  the  lactic  acid  excretion  on  the 
four  days  preceding  thoee  on  which-  alkali  waa  given  averaged  0.006 
gram  and  did  not  vary  greatly.  During  the  first  few  alkali  days  there 
was  apparently  only  a  moderate  increase  in  lactic  acid  (unfortunately 
the  eetimation  for  the  second  day  was  lost  and  there  is  doubt  as  to  the 
accuracy  of  that  of  the  third),  but  the  increase  became  very  pronounced 
on  the  fourth,  which  was  also  the  last  day  of  the  period.  Diuresis  waa 
marked  on  this  day,  but  it  was  also  present  on  the  succeeding  day  when, 
however,  the  lactic  acid  had  returned  to  the  normal  level.  This 
increase  was  independent  of  the  diuresis,  as  was  shown  in  the  bisulphite- 
titration  figures,  which  stood  steadily  at  about  1.6  cc.  N/20  solution, 
except  in  the  urine  of  August  17,  when  they  rose  to  9.6  cc.  N/20  solution. 
Unfortunately  the  cat  vomited  on  this  day  and  although  none  of  the 
vomit  appeared  to  mix  with  the  urine,  yet  some  may  have  done  so. 

An  excessive  excretion  of  nitrogen  occurred  on  the  last  alkaU  day  and 
on  that  immediately  succeeding. 

The  results  indicate  that  a  substance  which  is  either  lactic  acid,  or 
something  closely  related  to  it  chemically,  tends  to  be  excreted  in  greater 
unount  in  the  urine  when  alkali  is  being  absorbed  from  the  intestine  in 
sufficient  quantity  to  change  the  H-ion  concentration  of  this  fluid  and  to 
lower  the  relative  ammonia  ei^retion.  Although  the  amount  of  this 
substance  in  normal  urine  is  tolerably  constant  from  day  to  day,  yet 
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it  does  occasioDaJly  become  very  decidedly  greater  independently  of 
giving  alkali  (i.e.,  results  ot  July  24).  It  is  significant  however  that  on 
the  day  on  which  this  increase  was  observed  to  occur  there  was  evidence 
of  a  disturbance  in  the  acid  base  equihbrium,  namely,  a  fall  in  the  rela^ 
tive  ammonia  excretion. 

OBSERVATIONS  ON  HAN 

These  were  made  on  three  healthy  men  living  on  an  average  summer 
diet  of  approximately  the  same  composition  from  day  to  day  but  without 
any  precise  measurement  of  the  actual  amounts  of  its  constituents. 
Care  was  however  exercised  to  take  no  irregular  amounts  either  of 
animal  food-stu£Fs  or  of  fruits  and  vegetables,  since  these  might  disturb 
the  acid  base  equilibrium.  The  urine  was  collected  for  24-hour  periods 
with  the  usual  precautions  and  total  nitrogen,  ammonia,  or  total 
acidity  and  P^  were  determined,  as  well  as  lactic  acid.  After  a  certain 
period  on  the  standard  diet,  sodium  bicarbonate  was  given  on  several 
succeeding  days  and  finally  the  normal  diet  alone  was  taken. 

The  results  are  shown  iutable  5.  In  the  observations  on  K.  and  Sh., 
the  lactic  acid  excretion  on  the  normal  days  varied  between  0.014  and 
0.029  gram  per  diem,  the  amount  being  independent  of  the  volume  of 
urine  excreted.  In  the  case  of  St.,  however,  the  excretion  was  much 
greater,  viz.,  between  0S)5  and  0.08  gram  per  diem.  We  are  inclined 
to  believe  that  the  greater  values  for  St.  are  in  part  due  to  more  thorough 
ether  extraction.  Although  this  difference  in  technic  occurred  between 
the  urines  of  St.  and  those  of  K.  and  Sh.,  the  extraction  was  constant 
for  the  urines  of  each  experiment  so  that  the  results  are  comparable  for 
any  given  individual.  The  more  thorough  extraction  of  the  urine  of  St. 
we  attribute  to  the  use  of  the  Dunbar  extractor  in  place  of  that  of  Lind. 

The  amount  of  lactic  acid  in  normal  human  urine  was  found  by 
Ishihari  (4)  to  be  about  0.08  gram  per  liter.  Our  figures,  it  will  be  seen, 
are  somewhat  lower.  Dapper  (6)  in  a  series  of  pathological  urines 
found  daily  amounts  of  lactic  acid  varying  between  0.0516  gram  and 
0.489  gram,  the  tatter  result  being  obtained  in  the  case  of  mechanical 
liver  obstruction.  Most  of  the  results  lay  between  0.05  gram  and  0.150 
gram. 

With  regard  to  the  infiuence  of  alkali  administration,  it  will  be 
observed  that  the  lactic  acid  excretion  was  approximately  doubled  in 
the  urine  of  K.,  the  increase  lasting  for  at  least  two  days  after  the  alkali 
administration  had  ceased.     In  the  case  of  Sh.,  the  increase  was  still 
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TABLSI 


1 

Nonnal  diet 

920 

0.025 

10.67 

6.68 

6. 7-6.9 

2 

Normal  diet 

930 

0.016 

10.78 

4.96 

6.8-6.5 

3 

Normal  diet 

1030 

0,014 

12.33 

3,77 

6.5-6.7 

4 

Normal  diet 

960 

10.25 

4.28 

8.3-6.5 

S 

NaHCO,,  15  grama  per  diem 

1260 

0,039 

8.66 

1.61 

8.1-8-3 

a 

NaHCO,,  20  grama  per  diem 

1760 

0.018 

11.59 

0,97 

8.3+ 

7 

NaHCO,,  25  grams  per  diem 

1300* 

0.038 

10.69 

0.41 

8.3+ 

8 

Normal  diet 

1450 

0.033 

8.33 

5.136 

7.1-7.3 

9 

Normal  diet 

1070 

0.043 

11.25 

6.08 

8.6-6.7 

Normal  diet 

935 

0.029 

12.72 

4.63 

6.5^.7 

Normal  diet 

850 

0.023 

10.30 

3.77 

5.5-5,7 

Normal  diet 

1100 

9.4 

5.44 

5.6-5.7 

Normal  diet 

1250 

9.6 

5.47 

5.5-5.7 

Normal  diet 

1100 

0.018 

11.07 

4.06 

5.6-5.7 

NaHCO.,  15  grams  per  diem 

1300 

0.022 

7.56 

2.08 

8.I-S.3 

NaHCO,,  15  grama  per  diem 

1800 

0.045 

8.07 

0.08 

8.3+ 

8 

NaHCO,,  15  Krama  per  diem 

2300 

0.092 

8.00 

0.83 

8.3+ 

9 

Normal  diet 

1100 

0.048 

8.10 

4.16 

5.6-5.7 

10 

Normal  diet 

1250 

0.093 

9.63 

5.32 

5.5-5.7 

Subject: 

Si. 

iJ^S'SIoIr 

Normal  diet 

1300 

0.068 

14.9 

us  TOTAL 

247.0 

6.1 

Normal  diet 

1065 

0,080 

10.4 

303.0 

6.9-6.1 

Normal  diet 

1050 

0.050 

8.7 

236,2 

5.9-6.1 

Normal  diet  plus  15  grama 

NaHCO, 

1275 

0.092 

11.7 

92.0 

8.0+ 

Normal  diet 

1210 

0.234 

13.6 

133,1 

7.3 

Normal  diet 

1315 

0.051 

17.4 

190.7 

6.7-6.9 

Normal  diet 

1050 

0.07O 

9.2 

393.7 

6.1-6.3 

Normal  diet 

950 

0.152 

9.12 

479.6 

5.9-6.1 

Normal  diet 

1200 

0.103 

8,08 

462.0 

5.8-6.1 

*  Severe  diarrhea. 

t  The  urine  was  saturated  with  neutral  sodium  oxalate  and  thea  titrated  with 
N/10  NaOH  to  the  neutral  point  with  phenol phthalein. 
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more  marked,  rising  from  a  normal  average  of  0.025  to  0.091  on  the 
third  alkali  day;  and  again  the  increase  continued  for  at  least  two  days 
after  discontinuance  of  the  alkali. 

The  observation  on  St.  was  conducted  in  a  somewhat  different  man- 
ner from  those  on  K.  and  Sh.  in  that  the  alkali  (15  grams  NaHCOi)  was 
given  on  one  day  only,  the  urine  being  collected  daily  for  one  week 
following.  On  the  alkali  day  a  slight  increase  in  the  lactic  acid  excretion 
occurred  and  on  the  following  a  very  decided  increase.  The  excretion 
then  fell  to  the  normal  for  this  individual  for  two  days  but  rose  un- 
accountably on  the  next  day,  when  it  was  accompanied  by  an  unusually 
high  titrable  acidity  but  by  no  change  in  Pg  of  the  urine. 

In  all  three  observation's  of  this  group  it  will  be  observed  that  the 
H-ion  concentration  of  the  urine,  the  ammonia  excretion  and  the 
titrable  acidity  indicate  that  on  the  alkali  days  a  sufficient  amount  of 
alkali  had  been  absorbed  to  affect  the  acid-base  equilibrium  of  the 
organism. 

Taking  the  results  as  a  whole,  the  conclusion  which  we  may  draw  is 
much  the  same  as  that  in  the  case  of  the  observations  on  cats,  namely, 
that  an  ether-soluble  substance,  behaving  like  lactic  acid,  becomes 
decidedly  increased  in  amount  in  the  mine  either  during  or  following  the 
administration  by  mouth  of  sufficient  alkali  to  disturb  the  acid-base 
equilibrium  of  the  body. 

OBSERVATIONS   ON   STARVED   AND    FED   RABBITS 

These  were  undertaken  in  order  to  see  whether  the  very  decided 
differences  which  must  exist  in  the  mechanism  of  acid-base  equilibrium 
in  well-fed  aa  compared  with  starved  herbivorous  animals  would  cause 
any  change  in  the  excretion  of  lactic  acid  by  the  urine.  Three  animals 
were  observed.  For  a  period  of  five  days  two  of  them  (rabbits  I  and  II) 
were  starved  (water  being  placed  in  the  cages),  and  the  third  fed  with 
abundance  of  carrots.  For  a  further  period  of  four  days  the  previously 
starved  rabbits  (I  and  II)  were  abundantly  fed.  The  urine  was  allowed 
to  collect  in  bottles  containing  phosphoric  acid  placed  under  the  metab- 
olism cages.  The  urine  that  collect«d  in  twenty-four  hours  was  then 
saturated  with  ammonium  sulphate,  extracted  with  ether,  and  lactic 
acid  determined  by  the  usual  method.  Since  the  animals  were  not 
catheterized,  the  daily  quantities  of  urine  are  of  course  irregular,  but 
it  was  thought  that  if  the  food  had  any  influence  on  the  lactic  acid 
excretion  it  would  be  quite  evident  without  such  precautions.  It  was 
observed  that  a  very  large  amount  of  permanganate  had  to  be  added  to 
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the  ether  extracts  before  any  pemtanent  pink  tinge  developed  in  the 
oxidation  mixture.  The  amount  of  bisulphite  which  combined  with  the 
distillate  was  by  no  means  proportional  to  the  amount  of  permanga- 
nate used,  showing  clearly  that  the  ethereal  extract  of  rabbits'  urine 
coiftains  a  very  large  quantity  of  oxidizable  material  which  is  not  lactic 
acid. 

The  amounts  of  bisulphite^oombining  material  formed,  expressed  in 
terms  of  N/20  solution,  were  fairly  constant  for  the  urines  of  starved 
rabbits.  This  is  shown  by  examination  of  the  following  figures,  in 
which  the  cubic  centimeter  of  N/20  bisulphite  combined  is  given  along 
with  the  cubic  centimeter  of  urine  extracted  (in  brackets). 

1.6  (43  cc),  1.1  (15  cc),  2.4  (20  cc.),  1.6  (55  oc.),  1.2  (30  cc.),  0.9 
(65  cc),  0.9  (12  CO.),  0.6  (6  cc). 


KAnlTI 

.«.B.Tn 

^.«m 

DM 

Urine 

Lmotig 
Mild 

Diet 

Urine 

^" 

Diet 

Orine 

^m" 

«, 

mt- 

«. 

m*. 

«. 

tmit 

2 

Starved 

43 

3.3 

Starved 

15 

2.26 

Fed 

2S5 

9.0 

Starved 

20 

4.9 

Starved 

55 

3,29 

Fed 

290 

22,0 

Starved 

30 

2.45 

Starved 

65 

1.9 

Fed 

370 

4.5 

Starved 

13 

1.85 

Starved 

6 

1.23 

Fed 

162 

1.0 

Fed 

1S5 

10.75 

Fed 

150 

13.1 

Fed 

Fed 

100 

6.14 

10 

Fed 

150 

16.54 

Fed 
Fed 

85 
95 

6.14 
8.20 

For  the  fed  rabbits,  the  figures  were: 

2.2  (150  cc),  5.1  (150  cc),  0.9  (150  cc.),  0.5  (152  cc),  4.0  (150  cc), 
6.4  (156  cc),  3.0  (100  cc),  7.6  (150  cc),  3.0  (85  cc). 

Some  of  this  material  may  have  been  derived  from  the  reagents,  but 
certainly  not  more  than  1  cc.  N/20  solution,  so  that  the  lai^er  amounts 
distilling  over  in  the  case  of  the  urines  from  fed  rabbits  must  evidently 
have  been  derived  from  something  in  the  urine  itself.  It  is  doubtful, 
however,  whether  this  is  lactic  acid.  In  any  case  the  high  titrations 
were  always  obtained  in  urines  which  had  been  excreted  in  large  volume, 
although  sometimes  the  volume  might  be  large  without  any  excess  of 
bisulphite-combining  material.  The  results  of  the  experiments,  calcu- 
lated in  milligrams  of  lactic  acid  excreted  in  the  24-hour  collections  of 
urine,  are  given  in  table  6. 
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In  the  cases  of  rabbite  I  and  II  there  is  clearly  an  increased  excretion 
of  what  is  presumedly  lactic  acid  on  the  days  ai  liberal  feeding  as  com- 
pared with  those  of  starvation.  In  rabbit  III  the  results  are  leas 
evident.' 

In  order  to  eliminate  the  wnbiguity  occasioned  in  these  results  od 
account  of  the  great  variations  in  the  amounts  of  urine  excreted,  another 
series  of  observations  was  undertaken  in  which  the  rabbits  were  all  fed 
an  abundance  of  green  food  (cabbage)  and  alkali  (bicarbonate)  was  given 
on  certain  d&ys  (by  sprinkling  bicarbonate  solution  over  it).  Although 
the  rabbits  partook  of  the  alkaline  food  and  the  urine  volumes  were 
approximately  constant  from  day  to  day,  there  was  no  dononstrable 
difference  in  the  amount  of  lactic  acid  excreted. 

CONCLUSIONS 

Injection  of  alkali  causes  lactic  acid,  as  measured  by  the  von  Furth- 
Charnass  method,  to  appear  in  considerable  quantity  in  the  urine,  and 
this  may  occur  without  any  perceptible  change  in  the  hydrogen-ion 
concentration  of  the  blood. 

The  quantity  of  lactic  acid  recoverable  during  the  period  of  alkali 
injection  is  insufficient  to  Recount  for  more  than  5  or  6  per  cent  of  the 
administered  alkali. 

When  the  alkali  is  given  in  one  dose  and  the  urine  collected  for  some 
hours  afterward,  the  proportion  of  lactic  acid  in  comparison  with  the 
alkali  administered  is  no  greater  than  during  continuous  alkali  admin- 
istration. The  excretion  of  lactic  acid  under  these  conditions  is,  how- 
ever, maintained  at  a  high  level. 

In  only  a  few  of  the  experiments  was  any  decided  diminution  in  respir- 
atory rate  observed  even  when  the  amounts  of  alkali  injected  were 
sufficient  to  lower  the  hydrogen-ion  concentration  of  the  blood  and 
urine  to  a  marked  degree. 

Alkali  given  by  stomach  in  sufficient  amounts  to  cause  a  disturbance 
in  the  acid-base  equilibrium  of  the  body  as  evidenced  by  changes  in 
Ph,  in  the  NH.  excretion  and  in  the  titrable  acidity  of  the  urine,  causes  a 
slight  increase  in  what  is  presumably  lactic  acid  in  the  latter  fluid. 
This  result  was  obtained  in  observations  made  on  two  cats  and  on  three 
men. 

•  We  are  indebted  to  M.  E,  Pulk  for  aaeietance  in  several  of  the  experiments  on 
rabbits. 
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IN  EZPEBIHENTAL  TbAOMATIC  ShOCK,  WITH  COINCIDBNT 

Blood  Prsbbube  Changes 
eugene  l.  porter 

From  tlu  Laboratory  of  Phyriology  oj  the  Vniuergily  of  Penjuyhania 

Received  for  publication  August  6,  1918 

Diminished  reflexes,  torpor  and  lessened  sensibility  to  pain  have  for 
long  been  included  as  sjonptoms  in  typical  cases  of  shock.'  Just  what 
part  the  lessened  activity  of  the  nervous  system  plays  in  producing  the 
completed  picture  of  shock  is  not  yet  clear.  That  it  is  coincident  with 
other  symptoms  which  are  of  serious  import  is  beyond  doubt.  Sir 
Astley  Cooper,  quoted  by  Mansell-Moulin,'  noted  that  the  moment  of 
transition  from  intense  agony  to  perfect  ease  had  been  known  to  prove 
fatal.  That  diminished  activity  of  the  nervous  system  can  be  pro- 
duced in  experimental  shock  is  well  known  to  all  investigators  in  this 
field.  Janeway  and  Ewing,*  with  dogs,  are  able  after  sufficient  intes- 
tinal manipulation  to  dispense  with  the  anaesthetic.  Meltzer*  reports 
loss  of  skin  sensitivity  in  rabbits  when  the  intestines  are  handled  out- 
side the  body  cavity.  Henderson,  Prince,  and  H^gard,' produce  shock 
by  intestinal  manipulation,  and  as  one  of  the  criteria  of  its  presence 
cite  "lessened  reflex  activity."  The  phenomenon  is  not  confined  to 
mammals.  In  Goltz's*  classical  "  Klopfversuch,"  after  the  frog's 
abdomen  has  been  struck  strongly  and  repeatedly,  the  animal  passes 
into  a  "seemingly  dead,  stupefied  condition."  Recovery  promptly 
ensues  on  cessation  of  the  beating. 

1  Compare  Fischer's  oft-quoted  description;  Sammlung  Klinbcher  Vortr&ge, 
10  (Chirurgie,  5)  1870,  69. 

'  Mansell-Moullin :  International  encyclopedia  ot  surgery,  N.  Y.,I  881,  i,  357. 
'  Janeway  and  Bwing:  Ann.  Surg.,  1914,  lix,  168. 

•  Meltier:  Arch.  Int.  M^d.,  1908,  i,  571. 

•  Henderson,  Prince  and  Haggard:  Joura,  Amer.  Med.  Assoc,  1917,  Ixix,  965. 

•  GoltB;  Arch.  f.  Anat.  u.  Phys.,  1863,  xxvi,  1. 
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Interest  in  shock  at  present  is  largely  centered  in  the  redistribution 
of  blood,'  with  all  the  disastrous  consequences  of  that  phenomenon. 
This  feature  is  doubtless  most  in  immediate  need  of  comprehension  and 
control.  It  should  not  be  forgotten,  however,  that  serioua  as  the  ahock 
effects  resulting  from  a  loes  of  blood  from  the  circulation  may  be,  there 
exists  also  a  group  of  primary  ahock  symptoms  which  "may  come  on 
so  soon  after  injury  as  to  be  accounted  for  only  as  the  result  of  nerv- 
ous action."'  These  symptoms  have  been  described  only  from  obser- 
vation on  the  human  patient  and  on  animals  with  the  central  nervous 
system  intact,  so  far  as  I  am  aware.  In  this  paper  I  shall  report  obser-' 
vations  on  some  primary  shock  phenomena,  as  they  appear  in  an  ani- 
mal deprived  of  the  brain.  The  investigation  followed  two  lines: 
a,  quantitative  measurement  of  the  increase  in  thresholds  of  the  flexion 
and  croseed-extension  reflexes,  which  results  from  the  trauma  of  intes' 
tinal  manipulation;  and  b,  a  study  of  the  coincident  blood  pressure 
changes  and  their  relation  to  the  high  reflex  thresholds.  The  cat  was 
used,  made  spinal  and  prepared  for  a  study  of  the  reflexes  by  methods 
described  in  a  previous  paper.'  Often,  in  addition  to  pithing  the  brain, 
the  cord  has  been  either  pithed  or  transected,  usually  not  lower  than 
the  first  dorsal  vertebra,  sometimes  as  low  as  the  sixth  thoracic.  In 
neither  case  are  the  sensory  pathways  from  abdomen  to  cord  inter- 
fered with.'"  This  was  done  to  eliminate  the  scratch  reflex.  In  some 
spinal  cats  this  reflex  is  very  troublesome  and  if  not  prevented  renders 
study  of  the  flexion  and  crossed-extension  reflexes  impossible.  The  most 
certain  preventive  measure  I  have  found  has  been  to  pith  a  greater  or 
less  extent  of  the  cord  or  to  transect  it.  This  operates,  presumably, 
by  cutting  the  reflex  arc  between  the  "receptive  field""  and  the  hind- 
1^58.  The  flexion  reflex  was  obtained  from  the  tibialis  anticus  muscle 
by  stimulation  of  the  posterior  tibial  nerve  with  single  break  induction 
shocks.  Crossed-extension  was  elicited  by  stimulation  of  the  same 
nerve  in  the  same  way.    The  modified  Lucas  liquid  electrode,  described 

'Cannon,  Cowell,  Fraser  and  Hooper:  Report  no.  2,  Special  Investigation 
Coounittee,  Medical  Research  Committee,  (Great  Britain).  Journ.  Amer.  Med, 
Assoc.,  1918,  Ixx,  520  and  607. 

'Cannon:  Journ.  Amer.  Med.  Assoc.,  1018,  Im,  611. 

•  Porter:  This  Journal,  1912,  jtxxi,  141. 

"  Quain:  Elements  of  anatomy.  New  York,  1909,  iii,  139. 

"Sherrington:  The  integrative  action  of  the  nervoua  system,  New  Haven, 
1906,  46. 
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elsewhere,"  was  used  for  stimulation.  The  threshold  for  flexion  was 
always  determined  from  a  record  on  the  drum.  The  movement  ob- 
served in  crcesed-extension  varied  in  different  experiments.  Some- 
times the  leg  was  held  suspended  by  strings  and  movement  of  the 
entire  leg  observed;  or  the  femur  was  immobilized  by  a  clamp  which 
gripped  it  near  the  knee,  or  by  a  pin  passing  throu^  a  drill  hole  in  it, 
and  extension  at  knee  only  observed.  Sometimes  the  patellu*  tendon 
was  cut  and  the  quadriceps  group  of  muscles  caused  to  write  its  record 
on  the  drum.  The  threshold  for  crossed-extenston  can  seldom  be 
*determined  by  any  method  with  as  high  degree  of  accuracy  as  that  of 
flexion.  It  fatigues  more  easily  and  varies  more  from  moment  to 
moment."  The  changes  in  threshold  produced  by  intestinal  manip- 
ulation were  so  gross,  however,  as  to  quite  overshadow  inaccuracies  of 
threshold  determination.  The  induction  coil  used  was  calibrated 
according  to  Martin's  method,"  and  the  thresholds  stated  in  Z-units. 
Threshold  determinations  were  made  as  often  as  once  a  minute  at 
important  points  in  an  experiment;  at  other  times  at  varying  intervals 
as  conditions  demanded.  The  traimia  instituted  was  the  one  used 
commonly  in  producing  experimental  shock,  namely,  withdrawing  the 
intestines  from  the  abdominal  cavity  and  manipulating  them  with  the 
fingers.  Sometimes,  as  a  severer  measure,  they  were  struck  with  the 
handle  of  a  seeker.  In  many  experiments  a  simultaneous  blood  pres- 
sure record  was  obtained  by  a  Htirthle  membrane  manometer  con- 
nected with  the  carotid  artery.  The  reflex  threshold  was  usually 
followed  for  half  an  hour  or  more  before  manipulation  was  begun  to 
obtain  a  basis  of  comparison,  should  any  change  occur. 

The  outstanding  features  in  the  results  of  the  investigation  are  as 
follows: 

1.  The  flexion  reflex  threshold  may  be  raised  by  intestinal  manip- 
ulation.    (Experiment  of  July  10,  1917,  and  fig.  l). 

"  Porter:  This  Journal,  1917,  xliii,  *t7.  This  electrode  I  have  found  unfail- 
ingly aatisfflctory.  In  no  experiment  in  the  eeries  of  over  thirty  haa  there  been 
more  than  momentary  difficulty  at  the  point  of  stimulation,  and  the  electrode 
haa  been  in  place  in  some  instances  six  and  seven  hours.  I  now  use  a  glass  tube 
25  mm.  long,  6  mm.  outside  diameter,  3  mm.  bore,  narrowed  in  the  middle  by  a 
very  short  constriction  which  reduces  the  bore  to  1.5  mm.  Other  sises  are  needed 
for  very  large  or  very  small  cats.  This  form  of  tube  is  less  likely  to  result  in 
compression  at  the  point  where  the  nerve  leaves  it. 

"  Porter:  Loc.  cit. 

'*  Martin:  The  measurement  of  induction  shocks,  New  York,  I9I2. 
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Fig.  I.  Increase  in  the  threshold  atimulue  for  the  flexion  reflex  in  the  spinal 
oat  from  manipulation  of  the  integtinea.  Momentary  riee  in  blood  pressure  from 
the  same  cause.  Increase  in  threshold  is  apparent  in  the  first  reading  after 
manipulation  started.  Recovery  is  prompt,  eventually  complete,  and  occurs 
with  a  lower  blood  pressure  than  before  manipulation.  Ordinat«B,  units  of 
stimulation  and  mm.  Hg.;  abscissae,  time. 

Experimtnt  of  Jvly  10,  1917.    Medium  nted  male  eat.     Brain  pithtd;  cord  intact 
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ManipulatioD  twice  raised  the  threshold  from  a  general  level  of 
about  14  Z-imits  to  maxima  of  20  and  21  Z-units.  An  appreciation  of 
the  amount  of  this  increase  is  beat  obtained  from  the  plotted  curve 
(fig.  1).  The  cxirve  shows  marked  and  unmistakable  elevations  as  a 
result  of  the  manipulations.  The  total  increase  in  threshold  is  six  or 
seven  times  the  maximum  changes  occurring  before  manipulation 
conomenced. 

2.  The  threshold  begins  to  rise  usually  very  promptly,  a  higher 
level  often  showing  within  one  minute  or  less  after  manipulation  has 
b^UQ.     This  appears  in  figures  1,  2  and  5.     The  maximum  threshold 
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values,  however,  are  often  not  obtained  until  manipulation  has  pro- 
ceeded for  several  minutes,  as  in  the  experiments  of  figures  1  and  2. 
Figure  5  shows  an  exception.  Here  in  both  cases  of  manipulation  the 
thresholds  were  higher  at  the  first  reading,  one  minute  after  manipu- 
lation started,  than  they  were  at  any  time  later. 
^  3.  Upon  cessation  of  the  manipulation  there  is  commonly  a  prompt 
and  more  or  less  complete  return  to  the  original  threshold  (figs.  I  and 
5) .  In  the  second  half  of  the  experiment  shown  in  figure  1  the  recovery 
was  complete  in  eight  minutes.    It  is  seldom  any  quicker. 

4.  Recovery  from  the  manipulation  may  be  long  delayed,  as  in  the 
experiment  of  June  15,  1918  (fig.  2). 
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Fig.  2.  lacreaae  in  the  threshold  atimulus  for  the  flexioD  reBex  in  the  spinal 
cat  from  manipulation  of  the  inteBtines,  Nearly  complete  recovery  of  tbreBfaold, 
but  after  long  delay,  aa  compared  with  the  recovery  shown  in  figure  1.  Ordi- 
natea,  units  of  stimulation;  abscissae,  time. 

Experiment  of  June  IS,  !818.    SmM  pregnant  female  cat.    Brain  pithed;  cord 
pithed  to  firet  doriid  vertebra 
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Here  it  was  an  hour  and  twenty  minutes  aft«r  the  manipulatioa 
ceased  before  it  again  reached  a  low  level,  which  it  held  steadily.     It 
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maintained  this  level  for  fifty  minutes-  Thia  is  not  a  complete 
recovery,  the  threshold  being  some  four  units  above  ihat  obtaining 
before  manipulation,  A  rise  of  that  amount  in  the  same  period  of 
time  without  manipulation  would  not  be  expected." 

5.  The  attempt  to  raise  the  Sexion  threshold  by  intestinal  manipu- 
lation often  fails.  Eleven  out  of  twenty-four  of  my  animals  failed  to 
show  any  change  which  could  be  attributed  to  the  manipulation.  In 
the  following  experiment  (Jime  4,  1918;  fig.  3),  although  manipulation 
'was  continued  for  an  hour,  not  only  was  there  no  rise  in  threshold  but 
the  lowest  readings  of  the  entire  experiment  occurred  while  manipida- 
tion  was  in  progress. 


FI«»W 


Trn«      tM 


Fig.  3.  Failure  of  the  threebold  stimulus  of  the  flexion  reflex  in  the  spinal  cat 
to  be  altered  by  intestinal  manipulation  lasting  over  an  hour.    Ordinatee,  units 

of  stimulation;  abscissae,  time. 

Experiment  o]  June  4, 1918.    Large  male  cat,  miick  emaciaied.   Bram  pilhed;  cord 
cut  at  fint  doraal  veHebra 
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6.  The  rise  in  threshold  is  not  due  to  a  suddenly  developed  low 
blood  pressure.  Low  blood  pressure  suggests  itself  naturally  as  a 
possible  cause  of  high  reflex  threshold  if  one  follows  the  analogy  of 
unconsciousness  from  low  blood  pressure  in  syncope.  But  it  is  not 
the  explanation  here.  On  the  contrary  I  have  always  found  a  rise  in  , 
blood  pressure  at  the  moment  intestinal  manipulation  begins,  so  that 


"Porter:  Loc,  cit. 
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rise  in  blood  pressure  and  rise  in  reflex  threshold  often  coincide.  This 
is  very  clearly  the  case  in  the  experiment  of  July  10,  1917  (fig.  1).  of 
which  the  protocol  has  already  been  given  (p.  211).  Here  the  rise,  in 
millimeters  of  mercury,  is  from  80  to  90  and  from  55  to  70,  for  the  two 
manipulations.  In  other  experiments,  and  always  at  the  moment 
manipulation  commenced,  changes  such  as  these  have  been  observed: 
50  to  100,  70  to  120,  30  to  60, 90  to  160,  and  so  on.  Figure  4  shows  one 
of  the  blood  pressure  records  secured  during  a  manipulation.  Blood 
pressure  is  not  maintained  at  the  new  level  but  sinks  promptly,  often  ' 
to  a  lower  level,  and  then  gradually  diminishes  during  the  remainder 


Fig.  4.  Momentary  rise  in  blood  preseure  (from  50  to  150  mm.  Hg.)  at  the 
begiDDinj!  of  intestinal  manipulation  in  the  spinal  cat.  (Hilrthle  membrane 
manometer;  calibration  at  left).  Abdomen  opened  at  3.12).  Intestinal  manip- 
ulation indicated  by  the  heavy  white  line. 

of  the  experiment.  (See  figs.  1  and  6.)  When,  therefore,  there  is  a 
recovery  of  reflex  threshold,  it  occurs  with  a  blood  pressure  lower  than 
at  any  previous  time  in  the  experiment.  For  example,  in  the  experi- 
ment of  July  10,  1917  (p.  211)  at  5.47  the  reflex  threshold  was  12.8  and 
blood  pressure  30  mm.  Hg.  When  the  experiment  started,  at  2.14, 
reflex  threshold  was  13.9  and  blood  pressure  80  mm.  Hg.  Clearly 
general  blood  pressure  is  not  connected  with  the  reflex  changes. 

7.  The  threshold  of  the  crossed-extension  reflex  may  be  raised  by 
intestinal  manipulation.     (Experiment  of  May  21,  1918  and  fig.  5.) 
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Fig.  6.  IncreMe  in  the  thresholds  of  both  flexion  and  crossed-extcDsion  re- 
flexes in  the  eptnat  cat  following  iatestinal  manipulation.  Highest  thresholds 
for  flenttn  reached  immediately  ait«r  maoipulatioa  began  (Cf.  figa.  1  and  2). 
DisappeMance  of  crossed-extenaion  after  the  second  mampulatioa.  Ordinates, 
units  of  stimulation;  abscissae,  time. 

Experiment  of  May  II,  I9t8.  Small  female  cal.  Brain  pilhed,  and  cord  eul  at 
firrt  dortal  verltbra.  CroMed-extermon  obatmed  from  movement  at  knee,  femur 
held  in  clamp. 
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The  first  manipulatiOD  raised  the  threshold  to  491  from  a  general 
level  of  less  than  100,  and  the  second  threw  crossed-extension  out  of 
action  entirely.  Obviously  the  effect  of  manipulation  on  crossed- 
extension  is  relatively  much  greater  than  on  flexion.  In  a  few  of  my 
animalfi  cro6sed-«xtension  could  not  be  elicited  by  single  Bhocks.  In 
others  it  disappeared  before  manipulation  commenced.  In  still  otiiers 
it  disappeared  during  or  following  manipulation,  but  whether  spon- 
taneously  or  as  a  result  of  the  trauma  could  not  be  told  witii  certainty 
in  all  cases.  In  nine  out  of  the  sixteen  cases,  however,  in  which  a 
study  of  crossed-extension  was  attempted,  the  reSex  was  present  and 
could  be  followed  both  before  and  after  manipulation. 

8.  Ah  in  the  case  of  flexion,  the  return  of  the  croeaed-extension 
threshold  to  approximately  the  original  value  may  be  prompt  or  de- 
layed. It  returned  in  less  than  one-half  hour  in  the  experiment  shown 
in  figure  7;  only  after  an  hour  and  a  quarter  in  the  experiment  of  figure 
6.  In  figure  5  the  reflex  had  returned  to  its  original  threshold  after 
the  first  manipulation,  but  was  unable  to  withstand  the  second.  Flex- 
ion, however,  recovered  from  the  second  as  well  or  better  than  fFom 
the  first.  Golts'*  reports  that  the  production  of  the  "seemingly  dead" 
condition  in  his  frogs,  from  blows  on  the  abdomen,  succeeded  better 
after  several  repetitious  of  the  experiment  on  the  same  animal. 

9.  I  have  never  found  it  possible  to  cause  the  complete  disappear- 
ance of  the  flexion  reflex  by  intestinal  manipulation.  It  is  frequently- 
possible  to  do  this  in  the  case  of  crossed-extension  with  complete  recov- 
ery later.  (Figs.  6  and  7.)  It  may  however,  require  long  protracted 
manipulation  to  bring  this  about.  In  the  experiment  shown  in  figure 
6  manipulation  had  continued  for  twenty  minutes,  and  alth«)ugh  the 
threshold  was  high  it  was  still  readable.  Four  minutes  after  manipu- 
lation had  ceased  crossed-extension  was  lost  apd  did  not  reappear  for 
twenty  minutes."  In  a  httle  over  an  hour  recovery  of  the  original 
threshold  was  complete.  By  disappearance  of  the  refiex  I  mean  that 
there  was  no  response  when  the  secondary  was  completely  superposed 
over  the  primary,  giving  a  stimulation  of  1200  Z-units.  Stronger 
stimulation  is  impractical  on  account  of  the  violent  and  confusing 
flexion  response  which  ensues.  The  crossed-extenston  threshold 
started  in  this  experiment  (fig.  6),  with  the  secondary  coil  5  em. 
from  the  primary,  or  20  cm.  from  complete  superposition.  The  highest 
threshold  to  which  I  have  ever  forced  flexion  as  a  result  of  manipula- 
tion, is  40  units  from  an  initial  threshold  of  12  units. 

'*  Goltz:  Loc.  cit. 
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Fig.  9.  Increase  in  threshold  of  the  croased-^ictenAion  reflex  in  the  spinal  cat 
from  Qunipulation  of  the  int«etinee.  No  effeot  oa  flexion  threshold.  Complete 
loss  of  the  refleK  after  mEuiipulation  ceased.  Return  after  twenty  minutes. 
Recovery  of  original  threshold  one  hour  later.  Brief  pronounced  rise  in  blood 
pressure  ae  manipulation  began.  Ordinates,  units  of  stimulation  and  nun.  Hg. ; 
abaeisaa«,  time. 
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Pig.  7.  Loss  of  crossed-extension  reflex  after  ten  minutes  of  intestinal  manip- 
ulation. Return  within  three  minutes  after  manipulation  ceased  and  recovery  of 
original  threshold  twenty-five  minutes  later.  (Compare  the  slow  recovery  in 
fig.  6.)    No  effect  on  flexion  threshold.    Ordinates,  unite  of  stimulation;  abscis- 
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It  is  evident  that  the  cord,  independently  of  the  brain,  has  its  reflex 
mechanisms  seriously  disturbed  during  intestinal  manil^iilation.  The 
mechanism  of  this  alteration  is  obscure.  It  may  be  that  it  should  be 
classed  as  inhibition.  If  filter  paper  dipped  in  acid  be  placed  on  the 
frog's  abdomen  and  one  sciatic  nerve  strongly  stimulated  the  foot  on 
the  opposite  side  is  inhibited  from  removing  the  acid.  Or  if  a  sensory 
nerve  ca^xsing  reflex  flexion  be  stimulated,  the  motor  neurons  causing 
extension  are  inhibited  from  action.  B^t  such  inhibitions  are  tran- 
sient; they  do  not  long  outlast  the  stimulus  which  first  aroiieed  them. 
An  impairment  of  reflex  activity  lasting  more  than  an  hour  after 
manipulation  ceased,  as  in  the  case  of  crossed-extension  in  figure  6, 
may  well  belong  in  a  different  category.  It  seems  to  the  writer  that 
the  hypothesis  of  a  vasoconstriction  within  the  cord  should  be  tested. 
Such  a  vasoconstriction,  with  anemia,  and  resultant  injury  to  cord 
cells  would  go  far  toward  explaining  many  of  the  phenomena  described 
in  this  paper. 

Flexion  and  crossed-extension  are  eUcited  by  nocuous  stimuli,  which, 
in  the  intact  animal,  would  result  in  pain.  When,  as  in  the  experiment 
of  figure  1,  it  takes  20  Z-units  to  eUcit  the  reflex  during  the  manipula- 
tion, as  compared  with  13  units  before  manipulation,  it  is  probable  tiiat 
13  units  would  no  longer  arouse  the  same  amount  of  pain  in  a  conscious 
animal.  The  results  I  have  described,  therefore,  may  with  some 
probability  be  regarded  as  indicating  the  changes  which  would  be 
observed  in  the  threshold  of  pain  in  the  conscious  animal  during  ab- 
dominal trauma,  if  such  changes  were  measurable. 


Manipulation  of  the  intestines  in  the  spinal  cat  resulted  in  raising 
the  threshold  of  the  croesed-extensioo  reflex  in  all  cases,  and  of  the 
flexion  reflex  in  rou^y  50  per  cent  of  the  animals  experimented  upon. 
Increase  in  threshold  may  be  evident  less  than  a  minute  after  manipu- 
lation has  commenced.  Eecovery  may  be  complete  or  incomplete, 
prompt  or  delayed.  It  is  more  likely  to  be  prompt  and  complete  ia 
the  case  of  flexion  than  of  crossed-extension.  The  flexion  reflex  is 
never  completely  lost  as  a  result  of  the  manipulation,  crossed-extension 
often  is.  A  case  is  described  in  which  this  did  not  occur  until  some 
minutes  after  the  manipulation  had  ceased. 

Ilie  changes  in  reflex  threshold  are  not  dependent  on  a  decrease  in 
blood  pressure;  on  the  contrary,  the  blood  pressure  rises  momentarily 
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as  maniptilation  starts,  and  this-  may  coincide  with  the  rise  in  reflex 
threshold.  After  the  momentary  rise  the  blood  pressure  decreases 
steadily,  as  the  experiment  proceeda,  and  the  original  reflex  threshold 
may  be  recovered  under  a  lower  blood  pressure  than  existed  before  the 
manipulation. 

The  suggestion  is  made,  that  if  pain  in  the  conscious  animal  could  be 
measured  during  intestinal  manipulation,  it  ie  probable  that  its  thresh- 
old would  shojv  alterations  roughly  paralleling  those  of  the  reflex 
thresholds  described  in  this  paper. 
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DESCBIPTION  OF  THE  TIBCOSDCETEB 

If  different  fluids  are  permitted  to  traverse  a  capillary  tube  under  a 
certain  pressure,  it  will  be  found  that  the  quantities  collected  within  a 
given  period  of  time,  vary  considerably.  In  explanation  of  this  phe- 
Qomenon  it  is  generally  stated  that  Uquidfi  possess  a  different  internal 
friction.  Thus,  if  distilled  water  and  blood  are  employed,  it  will  be 
found  that  the  former  traverses  the  capillary  with  much  greater  ease 
for  the  obvious  reason  that  it  contains  no  formed  elements  nor  other 
material  in  suspension  or  solution.  But  inasmuch  as  distilled  water 
presents  the  same  differences  when  subjected  to  changes  in  tempei^ 
ture,  it  is  evident  that  these  quantitative  differences  are  not  the  only 
cause  of  this  phenomenon.  Another  factor  to  be  considered  in  this 
connection  is  the  viscosity  of  the  hquid  which  originates  in  certain 
qualitative  pecuUarities  of  its  molecular  constituents.  It  is  conceiv- 
able that  the  individual  molecules  suffer  definite  physical  changes 
which  lead  to  alterations  in  their  adhesion  and  cohesion,  and  in  turn 
give  rise  to  variations  in  the  flow  of  the  liquid.  If  its  relative  amounts 
of  water  and  sohds  are  taken  into  account,  a  fluid  is  usually  charac- 
terized as  "thick"  or  "thin,"  while  if  the  character  of  its  flow  alone  is 
considered  it  is  said  to  be  either  sticky  or  not  sticky.  Owing  to  the 
very  obvious  difficulties  which  any  separation  of  these  two  factors 
must  necessarily  entail  the  term  viscosity  is  usually  regarded  as 
synonymous  with  internal  friction,  i.e.,  it  is  considered  as  embracing  the 
quantitative  as  well  as  the  qualitative  pecuHarities  of  a  hquid. 

In  seeking  an  expression  for  the  viscosity  of  liquids,  reference  should 
be  made  to  the  law  of  Foiseuille  (1)  in  accordance  with  which  ttiB  out- 
flow from  a  capillary  tube  is  determined  by  the  formula: 


1 


yGooglc 


VIBC08ITT  OF  OBINB  221 

Q,  the  quantity  collected,  is  directly  proportiooal  to  the  fourUi  power 
of  the  (Uameter  of  the  tube  and  to  the  height  of  the  pressure,  and  in- 
directly proportional  to  the  length  of  the  tube.  Prom  these  factors 
the  coefficient  of  the  viBcosity  may  be  calculated  as  follows: 

^.d*A_„.l'l^_^  Ql 

The  viscosimeter  which  has  been  made  uae  of  by  Burton-Opitz  (2) 
in  detenniniDg  the  viscosity  of  different  body-fluids  such  as  the  bloodj 
lymph  and  saliva,  conststs  of  a  capillary  tube  through  which  the  liquid 
to  be  tested  ia  driven  under  a  definite  pressure  and  in  a  given  period  of 
time.  The  capillary,  C,  is  adjusted  horizontally -in  a  receptacle  filled 
with  water.  The  temperature  of  the  latter  is  retained  at  37°C.  by  a 
flame,  F,  placed  imdemeath  the  floor  of  this  receptacle.  The  liquid  to 
be  tested  is  contained  in  tube  R,  the  cahber  of  which  may  be  varied 
in  accordance  with  the  quantity  at  hand.  Its  size,  however,  need  not 
be  laige,  because  these  determinations  may  be  completed  with  less 
than  2  cc.  of  hquid.  The  end  of  tube  R  is  connected  with  a  pressure 
bottle,  P,  the  pressure  existing  in  this  ^itire  system  being  recorded  by 
a  mon<Rneter,  M,  upon  a  slowly  revolving  kymograph,  Ki. 

The  free  end  of  the  capillary  tube  is  placed  against  a  triangular  glass 
slide  which  moves  transversely  across  its  lumen.  In  this  way  the 
liquid  escapii^  from  it  may  be  diverted  into  the  weighing  glass,  W, 
directly  underneath  it.  A  sufficient  quantity  having  been  obtained, 
the  lever,  S,  is  moved  sideways.  This  brings  a  second  glass  slide  in 
front  of  the  capillary  lumen  which  is  intended  to  divert  the  liquid  into 
an  indifferent  receptacle.  This  arrangement  enables  us  to  begin  and 
to  cease  the  collection  almost  instantaneously. 

The  movements  of  the  lever,  S,  are  recorded  upon  kymograph, 
Ku  underneath  the  pressure,  as  well  as  upon  a  second  kymograph 
Kt  tmdemeath  the  record  of  a  Jaquet  chronograph.  The  latter  must 
revolve  with  a  speed  sufficient  to  allow  hundredths  of  seconds  to  be 
roistered.  It  will  be  seen  that  these  lateral  deviations  of  the  lever  are 
communicated  to  an  ordinary  tambour,  D,  arranged  vertically  in  front 
of  the  contact  arm,  if,  and  then  by  air  transmission  to  tamboursad- 
justed  upon  the  kymographs  Ki  and  Kt. 

This  arrangement  permits  of  the  determination  of  the  quantity  of 
the  liquid  which  traverses  the  capillary  in  a  given  period  of  time  and 
under  a  definite  pressure.  In  addition  we  know  the  length  and  the 
Internal  diameter  of  the  capillary  and  need  only  determine,  as  the 


yGoogIc 


H.    BURT0NH3PITZ   AND    ROBERT   DINEGAB 


=^ 


sz. 


-ptL 


.,Google 


VISCOBITT   OP  UIUNE  223 

sixth  factor,  the  specific  gravity  of  the  liquid.  This  last  determination 
is  made  with  small  pycnometers  either  before  or  after  the  calibration 
of  the  flow.  The  coefficient  of  the  viscoBity  obtained  with  the  help  of 
these  six  factors  is  then  compared  with  the  coefficient  of  the  viscosity 
of  distilled  water  at  37°C.  which,  in  accordance  with  the  calculati(ms  of 
Poiseuille  possesses  the  value  of  4700.  This  figure  is  regarded  as  the 
standard,  so  that  the  viscosity  of  any  other  liquid  may  be  expressed 
in  terms  of  multiples  thereof.  Thus,  if  the  coefficient  of  the  circulat- 
ing blood  of  the  d<%  is  950,  its  viscosity  is  about  five  times  as  great  as 
that  of  distilled  water  at  37°C.  Consequently,  the  viscosity  is  in- 
versely proportional  to  the  coefficient. 

THE    VISCOSITT    OF    CHIKB 

The  values  pertaining^  to  the  viscocdty  of  normal  urine  are  compiled 
in  table  1.  These  fourteen  different  samples  were  obtained  from 
adults  upon  arising  in  the  morning.  It  will  be  seen  that  the  coefficients 
vary  between  3993  and  3239  and  that  their  average  value  is  3S23. 
Hence,  the  conclusion  may  be  drawn  that  normal  urine  is  1.2  times  as 
viscous  as  distilled  water  at  37°C.  In  this  connection  brief  reference 
may  also  be  made  to  the  fact  that  this  relationship  in  the  case  of  the 
circulating  blood  of  the  dog  is  as  1 : 5.0,  in  the  case  of  lymph  as  1 : 1 .6, 
in  the  case  of  saliva  as  1 :1.4  and  in  the  case  of  bile  as  1 :1.8. 

The  aforesaid  value  corresponds  to  an  average  specific  gravity  of 
1.0233  derived  from  values  varying  between  1.0165  and  1.0369.  In 
view  of  the  rather  limited  fluctuation  of  the  viscosity,  it  seems  that 
this  tactoT  serves  as  an  even  more  reliable  means  of  judging  the  char- 
acter of  urine  than  the  specific  gravity. 

The  eight  deteiminationB  contained  in  table  2  p^lain  to  the  vis- 
cosity of  the  urine  of  normal  children  between  the  ages  of  four  and 
five.  In  each  case  the  sample  was  collected  in  the  morning.  These 
coefficients  show  values  ranging  between  4236  and  4029  and  have 
given  the  average  value  of  4146.  This  implies  that  the  urine  of  normal 
children  of  this  age  is  only  1.1  as  viscous  as  distilled  water  at  ST'C. 
The  specific  gravity  of  these  urines  varies  between  1.0040  and  1.0163; 
its  average  value  is  1 .0086. 

When  exposed  to  a  lower  temperature  urine  becomes  more  viscous, 
this  change  being  effected  more  rapidly  at  higher  tesnperatures  than  at 
lower.  Consequently  urine  behaves  like  water  and  crystalloid  solu- 
tions. This  is  clearly  shown  by  the  three  experiments  compiled  in 
table  3.    The  differences  here  recorded  for  urine  at  37°  and  S'C. 
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TABLE  1 
The  viteonly  of  normal  wine 


1.0235 
1.0202 


2.7280 
3.3000 


37.86 
04.66 


66.60 
64.60 


48.66 
60.09 


173.4 
169.4 


3686.0 
3744.1 


39.610 
3925.1 

3790.4 
3S97.8 

3864.7 


01.8 
S8.0 


7.1 
26.9 
107.4 
07.6 
34.6 
17.0 
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TABLE  1 


The  inacotity  of  u 

■im  of  children 

HUHaBB 

oiiTrrr 

aUAXTRT 

». 

,.»™. 

JllSi^r 

CIBHT 

2(2 

*  {2.... '.'..'. 
^{2....'.      . 
^{2""." 

tL 

sjg 

1.00&4 
l.OOM 

1.004O 
1.0040 

1,0103 
1.0103 

1.0081 
1.0081 

1.0068 
1.006S 

1.0008 
1.0098 

1.0073 
1.0073 

1.0163 
1.0163 

3.1410 
2.0463 

4.1286 
3.0782 

3.7820 
2.6336 

2.7531 
2.6409 

3.3368 
2.6418 

3.3625 
2.7916 

3.6858 
2.8900 

3.2724 
1.7743 

54.80 
47.62 

71.20 
A3. 63 

66.80 
47.91 

CO.  10 
46.96 

60,70 
47.81 

60.50 
51.81 

64.20 

52.81 

61.88 
63.60 

mm.  H(. 

140.6 
137.4 

140.2 
138.3 

138.5 
135.4 

132.8 
129.3 

138.5 
137.3 

136.7 
132.3 

136.4 
133.4 

133. B 
130.0 

4168.3 
4142.4 

4236.0 
4242.5 

4165.0 
4124.3 

4212.6 
4261.0 

4033.7 
4102,4 

4120.3 
4139.7 

4172.0 
4179.6 

4006.5 
4062.1 

\     15.9 
>      16.5 
1     40.7 
1     48,4 
1     68.7 
\     19.4 
1       7.6 
1     45.6 

4150.3 
4234.2 
4144,6 
4236.8 
4068.0 
4130,-0 
4175.8 
4029.3 

Average. 

1.0086 

4146.1 

TABLE  S 

The  viteotity  of  vrint  at  digertnt  temparaturei 

S!^ 

„.™. 

™- 

™... 

CUIBTOF 

DIiraB>HCI 

1.0242 
1.0217 
1.0161 

1.0304 
1.0280 
1.0238 

1.0324 
1.0263 
1.0261 

2.0464 
3.2388 
4.3407 

2.5113 
3.0732 
3.8681 

1.7630 
1.8628 
3.23U 

MO«U« 

72.25 
73.85 
73.82 

81.31 
72.34 
69.36 

58.12 
67.71 
61.74 

«™,Hi. 
114,4 
153.1 
146.8 

133.1 
150.6 
142.4 

136.0 
134,9 
135.8 

2479,6 
2877.6 
4046.2 

2312,9 
2S18.3 
3983.5 

2217.3 

3864.6 

3  At  ao'C. 

[  1637.3 
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amount  to  about  1600  points,  corresponding  to  a  viscosity  almost 
twice  as  great  as  normal.  It  ia  noted,  however,  that  the  increase  be- 
tween 37°  and  20''C.  is  very  much  greater  than  that  between  20°  and 
S'C.  80  that  a  curved  line  is  obtained,  the  concavity  of  which  is  turned 
upwards.  In  perfect  harmony  with  these  changes  it  is  observed  that 
the  specific  gravity  increases  on  cooling;  the  greatest  difference  here 
obtained  amounts  to  as  much  as  8  points. 

The  effect  of  water  drinking  is  clearly  betrayed  by  the  experiments 
contained  in  table  4.  In  each  case  three  glasses  of  water  were  taken 
very  shortly  after  the  completion  of  the  determination  of  the  normal 
viscosity.  A  second  determination  was  then  made  after  an  interval 
of  from  thirty  to  ninety  minutes.  While  all  three  experiments  show  a 
very  decided  diminution  in  the  viscosity  of  the  urine,  the  first  has 


Th, 

TABLE  4 

■».—■■ 

f.:;^ 

„.K^ 

TUB 

....... 

^!^^^ 

.„„.. 

1.0224 
1.006S 

1.0184 
1.0083 

1.0202 
1.0068 

3,9566 
3.4911 

3.4320 
3.6644 

3.7429 
3.1683 

67.72 
66.92 

61.21 
60.92 

66.27 
66.71 

163.7 
161.4 

143.0 
141.4 

160.6 
146.3 

3816.0 
4130.1 

3951.3 
^00.1 

3833.1 
3972.0 

J    314.1 
}    248.8 
\    138.9 

^\Afterw»t«r 

2\After  water 

^\After  water 

given  a  difference  of  more  than  300  points,  thus  establishing  a  relation- 
ship of  1 : 1.1  as  against  the  normal  relationship  of  1 : 1.2.  The  specific 
gravity  shows  an  equally  decisive  decrease  from  1.0224  to  1.0068. 
Experiments  2  and  3  have  yielded  somewhat  slighter  differences  for  the 
reason  that  the  second  samples  of  urine  were  collected  after  a  briefer 
interval  of  time,  namely  after  sixty  and  thirty  minutes  respectively. 

Table  5  embraces  three  experiments  showing  that  the  deposition  of 
the  urates  increases  the  viscosity  in  a  considerable  measure.  The 
greatest  difference  was  recorded  in  experiment  3  and  amounted  to  1670 
points.  In  other  words,  while  the  sample  of  normal  urine  was  only 
1.1  as  viscous  as  distilled  water  at  37''C.,  the  urates  increased  this  value 
to  2.0.  The  specific  gravity  pursued  in  this  case  a  course  parallel  to 
the  viscosity. 
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Ammoniacal  urme  Bhows  a  tendency  to  become  more  viacouB  while 
its  specific  gravity  remains  praoticaUy  unaltered  (table  6),  but  care 
must  be  taken  not  to  add  a  larger  amount  of  ammonia  than  is  abso- 
lutely necessary  to  deposit  the  phosphates.  The  greatest  difference 
here  obtained  amounts  to  only  85  points  and  cannot  therefore  be  said 
to  be  of  special  significance. 


TABLES 

The  viwotity  of  wine  on  deposition  of  urofes 

„™™^„ 

OUTItT 

.,^ 

Tmi 

„-™ 

en  NT  or 

DWTBmBUCl 

rNnrmnl 

l.OMl 
1.0324 

1.0161 
1.0242 

1.0239 

Voao4 

3.2311 
1.7630 

4.3407 
2.0454 

3.8681 
2.5113 

61.74 
58.12 

73.82 
72.25 

68.35 
81.31 

mo..  Hg. 

135. S 
136.0 

146.8 
114.4 

142.4 
133.1 

3851.6 
2217.3 

4046.2 
2479.6 

3983.5 
2312.9 

1  1637.3 
1  1566.6 
1  1670.6 

^  \  Urates 

The 

TABLES 

OKAVIT* 

„.„„ 

TDia 

pmutnas 

coim- 

DlrrBBKHCH 

/Normal    . 

1.0261 
1.0258 

1.0235 
1.0235 

1.0224 
1.0235 

3.2311 
3.1272 

3.6344 
3.4263 

3.9566 
2.3101 

61.74 
67.14 

77.61 
72.83 

67.72 
44.81 

m».  Hi. 
136.8 
121.4 

116.6 
119.6 

153.7 
138.3 

3854.6 
3838.3 

4021.2 
3947.4 

3816.0 
3730.1 

1      16.3 
1     85.9 

^\Pho8phateB 

/Normal 

2\Phoaph»te9 

/Nnnr..! 

^  IPhoephstes 

Table  7  contains  the  determinations  of  the  viBcoeity  and  specific 
gravity  of  ten  samples  of  tUbuminous  urine.  Two  teats  were  nude  in 
each  case;  the  average  coefficient  derived  from  these  being  given  in 
the  last  column  of  the  table.  Accurate  quantitative  data  regarding 
the  percentage  of  albumin  present  in  these  urines  not  being  available, 
the  figures  in  the  third  column  have  been  obtained  by  contrasting  these 
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different  samples  with  urine  which  on  boiling,  became  practically  Bolid. 
The  latter  waa  assumed  to  contiun  1.0  per  cent  of  albumin. 

The  average  coefficient  of  the  viscosity  amoimts  to  3829  and  the 
average  specific  gravity  to  1.0197.    It  will  be  noted,  however,  that 


Tk* 

TABLET 

vitectity  of  albuminon*  wine 

OBivnr 

or 

«. 

^sss^ 

■ssr 

'^' 

'ft;::: 

sjg 

*! 

5I2 

eH 

TJj 

8 12 

fljg 

10  1' 

0109 
0109 

0137 
0137 

oaoo 

OSOO 

0164 
0164 

00S9 
00S9 

0331 
0331 

0227 
0227 

0219 
0219 

0238 
0238 

0255 
0266 

0.7 
0.7 

0.7 
0.7 

0.5 
0.5 

0.6 
0.6 

0.5 
0.5 

1.0 
1.0 

0.9 

0.9 
0.9 

0.9 
0.9 

0.8 
0.8 

3.7589 
2.8278 

3.1888 
2.9171 

2.7908 
3.1620 

2.7343 
2.8671 

2.4728 
2.4772 

2. 1617 
1.8162 

2.0SD7 
1.9965 

2.1824 
2.0698 

2.8931 
2. 7644 

3.6766 
2.6454 

63.30 
47.80 

61.00 
46.20 

47.70 
54.10 

56.51 
61.30 

53,40 
53.25 

60.60 
51.24 

46.95 
44.35 

46.10 
43.22 

49.97 
46.91 

61,00 
44,70 

147.4 
145.4 

163.4 
162.0 

149.6 
148.4 

120.4 
118.0 

120.4 
119.2 

116.8 
115.4 

115.2 
115.0 

125.4 
124.8 

169.5 
168.4 

151.3 
150.6 

4090.4 
4130.1 

4126.4 
4206. 5 

3930.1 
3966.3 

4067.9 
>020.5 

3912.8 
3970.4 

3024.6 
3051.fi 

3860.7 
3S28.4 

3823.4 
3880.4 

3441.8 
3526.1 

3878.8 
37S4.5 

1   39.7 
1    79.1 
1    25.2 
1    37.4 
1    57.6 
I   26.9 
1   67.7 
1    57.0 
1    84.3 
1    94.3 

4110.2 
4165.9 
3942.7 
4039.2 
3941.6 
3038.0 
3894,5 
3851.9 
3483.9 
3831.6 

Average 

1018,7 

3829.9 

these  detenniQations  fall  into  two  groups  of  five  each,  the  first  of  which 
presents  the  average  value  of  4039  and  the  second  the  average  value  of 
3619.  The  average  specific  gravity  amounts  to  1.0139  and  1.0254 
respectively.    This  difference  in  the  results  appears  to  be  dependent 
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upon  the  fact  that  the  Bamples  of  urine  employed  for  e]q)raiaienta  6  to 
10  oontain  caats.  Obviously,  therefore,  the  ordinary  glomerular 
nephritia  gives  rise  to  a  urine  of  low  viscoaity  because  IJie  ratio  here 
foundisas  1:1.1.    The  involvement  of  the  tubules,  on  the  other  hand, 

TABLES 

The  micorily  of  dtabelic  wine 


1.0247 


1.0213 
1.0213 


1.0235 
1.0235 

1.0231 
1.0231 

1.0210 
1.0210 

1.O3S0 
1.0389 


j  M.e 

I    19.fi 
I    35.8 


\    92.1 


4014.5 
3738.9 
4017.8 
3028.1 


Average   1 


ID.O 


increases  the  viscosity  considerably  so  that  the  ratio  becomes  as  1 : 1.3- 
Tlie  urine  used  for  experiment  6  was  obtained  from  a  case  of  eclampsia. 
Ita  specific  gravity  of  1.033  corresponds  to  the  coefficient  3038.  Con- 
sequently, this  urine  is  almost  1.6  times  as  viscous  as  distilled  water  at 
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ST'C.  as  against  the  normal  ratio  of  1: 1.2.  These  changes  are  also 
clearly  betrayed  by  the  specific  gravity,  but  it  appears  that' this  factor 
is  a  much  more  uncertain  means  of  detennining  the  character  of  urioe 
than  the  viscosity. 

The  ten  experiments  compiled  in  table  8  have  been  made  with  urine 
collected  from  patients  suffering  from  diabetes  mellitus.  E)xcepting 
the  first  two  cases  in  which  a  dJctded  polyuria  was  present,  the  coeffi- 
cients of  the  viscosity  do  not  differ  frtnn  normal.  E^xperiments  1  and 
2,  however,  show  that  polyuria  decreases  the  viscosity.  The  greatest 
difference  here  recorded  amounts  to  about  200  points  and  corresponds 
to  a  ratio  of  1.1  as  against  the  normal  ratio  of  1.2. 

BIBLIOGRAPHY 

(!)  Poiseiullb:  Ann-d.  chim.  et  d.  phya.,  Paria,  1843. 

<2)  Bchton-Opitz:  Pfltlger's  Arch.,  1800,  iKxii,  447;  Thia  Jotimai,  1917,  xlv,  26; 
Biol.  Bull.,  current  number. 


.,Google 
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I.   GENERAL    CON8IDEBATION8   OF   EXPERIUENTAL   BUROTCAL   SHOCK 

Id  the  consideration  of  the  entire  field  of  Bui^cat  shock  from  the  ex- 
perimental point  of  view,  two  features  must  be  emphasized :  a,  that  the 
condition  termed  shock  by  the  surgeon  is  undoubtedly  owing  to  a  larg« 
number  of  causes;  and  b,  that  experimentally  it  is  very  difficult  to  re- 
produce the  environment  and  all  the  phenomena  which  the  surgeon 
calls  shock. 

The  present  series  of  studies  has  been  made  in  order  to  give  experi- 
mental data  of  as  many  conditions  as  possible  which  the  surgeon  m^bt 
diagnose  as  shock.  The  data  are  based  on  a  very  large  numba  of  experi- 
ments performed  since  the  first  studies  were  undertaken  in  I9I2,  up 
to  the  present  time.  For  purposes  of  invest^tion  I  have  found  it  of 
practical  value  to  classify  the  variovs  conditions  into  two  groups.  In 
the  first  group  are  those  cases  in  which  the  cardinal  signs  of  the  condi- 
tion, such  as  decreased  consciousness,  decreased  blood  pressure,  shal- 
low, gaspii^  respiration,  subnoimaJ  temperature,  etc.,  develop  and 
supervene  for  some  time  after  the  exciting  cause.  In  the  second  group 
are  those  cases  in  which  a  severe  or  fatal  issue  follows  immediately  or 
very  closely  on  the  action  of  the  exciting  agent. 

Clinically,  the  first  group  would  include  most  of  the  cases  which  the 
present-day  surgeon  disposes  ae  shock;  the  chief  of  these  would  be 
the  shock  following  operation.  A  condition  presenting  the  clinical 
signs  of  shock  and  which  is  supposed  to  present  a  physiologico-patho- 
logic  condition  similar  to  that  in  the  cases  in  the  first  group,  may  be 
produced  by  a  variety  of  methods.  The  most  important  of  these  are 
deep  anesthesia,  hemorrhage,  exposure  of  the  abdomin^  viscera,  the 
use  of  excessive  heat  or  cold,  the  isolation  of  large  vascular  areas  as  the 
partial  occlusion  of  the  vena  cava,  the  production  of  cerebral  anemia 
.  and  the  injection  of  drugs,  peptones  and  oils. 
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It  may  be  seea  from  the  foregoing  that  but  few  of  the  methods  used 
to  produce  the  shock  coudition  can  be  compared  to  the  manner  in 
which  shock  occurs  clinically.  Most  of  the  methods  aim,  primarily,  at 
a  reduction  of  blood  pressure.  It  is  definitely  known  that  some  of 
them,  and  probably  most  of  thmn,  produce  a  decrease  in  the  volume 
of  circulating  fluid.  While  the  studies  following  these  various  methods 
of  producing  an  experimental  condition  having  the  signs  of  shock  have 
been  of  ineatimaUe  value  in  that  they  have  added  to  the  knowledge  of 
the  physi<dogy  of  low  blood  pressure,  it  should  be  noted  that  they  ex- 
plain in  only  a  limited  number  of  cas^  what  the  possible  etiologic  fac- 
tors in  shock  could  be. 

The  second  group,  clinically,  includes  most  of  the  classical  cases  of 
shock  given  in  the  literature  of  the  subject.  It  was  in  reference  to  this 
type  of  case  that  the  term  shock  was  first  apiJied,  namely,  when  sud- 
den death  occurs  or  alarming  qnnptvuB  develop  immediatdy  fdlowii^. 
an  accident  (a  operative  procedure  in  which  no  definite  cause  of  death 
is  found.  It  is  shock  of  this  type,  pulicularly  that  occurring  in  the 
operating  room,  that  has  strongly  impressed  the  surgeon  with  the  idea 
that  the  nervous  syston  is  rasentially  and  primarily  at  fault  in  the 
production  of  shock. 

The  environment  reproducing  the  ctmdition  included  in  the  second 
group  is  hard  to  obtain  experimentally.  Very  little  experimental  work 
has  therefore  been  done  on  the  investigation  of  snddeo  death  associated 
with  accidental  trauma  or  trauma  occurring  in  the  operating  toom. 
The  crushing  <rf  joints  in  deoei%brated  ftni"|ftlti  has  occasionally  pro- 
duced death,  and  tbe  sudden  irauma  to  the  whole  thigh  of  an  anes- 
thetized animal  has  also  been  fatal:'  In  general,  experimental  work  has 
not  reduplicated  the  clinical  observations  in  regard  to  the  class  of 
cases  included  in  this  group: 

Practically  all  investigators  of  the  shock  problem  have  undertaken 
the  investigation  with  the  idea  of  proving  or  disproving  some  particu- 
lar theory  regarding  it.  Since  the  condition  termed  shock  is  probably 
due  to  a  large  number  of  factors,  our  researches  must  necessarily  have 
to  do  with  the  many  possible  causes  of  obscure  death.  As  further  data 
are  presented  it  seems  that  each  of  the  theories  developed  to  explain 
the  condition  of  shock  contains  an  element  of  truth,  and  that  tyincal 
cases  diagnoeed  as  shock  could  be  found  to  illustrate  each  thetHy.  Id 
the  present  studies  no  attempt  has  been  made  to  correlate  the  data 

■Personal  oommmucation  from  Dr.  E.  D.  Brown. 
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Fig.  1.  Photograph  oi  kymo);raph  record  showing  the  effect  of  different  t«a- 
aion*  of  «ther  on  the  iohibitory  reflex  of  reipirstion.  In  each  record  Bigaal  A 
niftrke  tba  time  of  disconnecting  the  ether  and  signal  B  the  atimulation  of  tb« 
right  superior  laryngeal  nerve  tor  two  minutes.  Both  vagi  are  intact.  In  record 
1  ether  tension  was  40  (uncorrected)  and  blood  pressure  was  150.  Note  that  there 
was  but  alight  inhibition  of  respiration.  The  heart  was  inhibited.  Ether  ten- 
eion  wae  gradually  increased  and  in  record  2  blood  pressure  was  still  150  but 
reapiration  was  decreased  in  rate  and  amplitude.  Note  the  increase  in  the  time 
respiration  was  inhibited.  Record  3  shows  the  effect  of  another  i 
tension  of  ether,    Respiration  it  inhibited  for  a  much  longer  period. 
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with  any  of  the  current  theories  but  all  experimenta  have  been  devised 
with  the  view  to  determine  some  facta  in  r^ard  to  the  inany  phases 
of  the  shock  proUena. 

I  am  fully  aware  that  all  of  these  studies  are  not  directly  associated 
with  the  shock  proUem.  However,  until  a  comprehensive  and  scientific 
definition  of  shock  based  on  known  facts  is  made,  it  seems  best  to  clas- 
sify all  data  bearing  on  the  causes  of  sudden  death,  the  causes  of  low 
blood  pressure  and  the  phenomena  of  shock  under  the  general  term 
surgical  shock.  A  fact  that  is  universally  true  of  eiqierimental  work 
and  especially  true  in  regard  to  shock  should  also  be  emphasised, 
namely,  that  direct  dinical  application  of  the  experimental  data  should 
be  cautiously  made. 

II.   ETHES  ANESTHESIA  IN  REI^TION  TO  SUBOICAL  BBOCK 

The  anesthetic  is  of  the  greatest  importance  to  the  clinician  in  a 
consideration  of  post-operative  shock.  It  is  of  even  greater  importance 
to  the  experimental  investigator  who  would  attempt  to  determine  the 
causative  factors  in  this  consideraton. 

All  our  experiments  have  been  performed  under  ether  uiesthesia  and 
therefore  all  conditions  drawn  must  be  in  regard  to  that  anesthetic 
only.  There  were  two  reasons  for  the  use  of  ether.  First,  it  is  the 
anesthetic  used  in  the  greater  number  of  operations  and  therefore  the 
results  obtained  will  have  the  greatest  dinical  application;  second,  it  is 
the  anesthetic  which  can  be  most  easily  employed  in  experimental  work. 

In  the  beginning  of  our  work  on  the  relation  of  ether  anesthesia  to 
shock,  we  attempted  to  estaUish  some  definite  data  in  r^ard  to  the 
activity  of  the  various  organs,  nerve  centers  and  reflexes  under  different 
tensions  of  ether.  Bootbby,  l^  meuis  of  the  Counell  aneathetometer, 
showed  that  in  man  the  anesthesia  became  complete  at  a  definite  ten- 
sion of  ether.  It  is  reasonable  to  suppose  that  animals  would  react  to 
ether  in  a  like  manner  and  that  a  standardisation  of  ether  anesthesia 
in  reference  to  physiologic  research  would  be  accomplished.  Two  great 
difficulties  were,  however,  encountered.  First,  the  Connell  anesthetfHn- 
eters  which  we  personally  used  and  as  tested  by  the  Waller  gas  bal- 
ance, were  found  to  have  too  large  an  error  for  standardisation,  and 
second,  the  only  ether  to  be  obtained  at  present  is  not  pure  enough  for 
accurate  work.  These  two  sources  of  error,  which  we  have  not  as  yet 
been  able  to  obviate,  have  necessitated  the  use  of  approximations  only 
in  relation  to  ether  tensions.     The  errors  in  these  approximations  are 
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on  an  average  probably  no  greater  than  15  per  cent.  However,  the 
data  have  justified  several  concluaions  that  have  been  of  great  value  in 
our  work  on  ahock.  These  concIuBions  all  have  reference  to  ether  an- 
esthesia, as  administered  by  an  anesthetoineter. 

1.  In  geoeial,  the  physiologic  phenomeaa  due  to  ether  are  remarkably 
constant  at  the  same  range  of  tensionB  in  different  doge. 

2.  Under  a  low  tension  of  ether,  just  sufficient  to  produce  uarcoete, 
the  blood  pressure  remains  normal  for  a  period  of  at  least  twelve  hours. 

3.  The  various  respiratory  and  vascular  reflexes  disappear  at  differ- 
ent ranges  of  ether  tension. 

4.  The  signs  of  shock  can  be  readily  produced  by  high  tensions  of 
ether. 

It  is  poeaiblQ  for  practical  purposes  to  divide  ether  tensions  in  rela- 
tion to  their  anesthetic  action  into  four  groups.  In  the  first  group  are 
included  the  tensions  that  are  too  low  to  produce  anesthesia.  The 
second  group  includes  those  under  which  the  animal  is  reduced  to  a 
state  of  surgical  anesthesia  but  which  are  not  hi|^  enoi^h  to  depress 
any  of  the  vital  processes;  it  is  impossible  to  kill  an  animal  by  any 
tension  in  this  group,  if  time  is  not  allowed  to  become  a  factor.  The 
third  group  includes  the  tensions  that  produce  depression  of  the  vital 
processes  and  under  which  death  may  occur.  Any  tension  higher  than 
those  included  in  this  third  group  is  incompatible  with  life.  The  range 
of  tensions  inehided  in  these  various  groups  is  approximately  constant 
for  the  various  animals.  Of  course,  individual  variations  occur  but 
these  are  usually  within  the  limit  of  the  error  of  the  mecbanism. 

The  employment  of  approximate  ether  tensions  has  been  productive 
of  several  important  findings.  By  the  use  of  low  tensions  it  can  be 
demonstrated  that  an  animal  may  be  maintained  in  as  normal  a  condi- 
tion as  it  is  posfflble  to  keep  a  narcotised  animal,  for  many  hours. 
This  is  of  great  value  since  it  is  thus  pos^ble  to  maintain  a  safe  degree 
of  anesthesia  without  its  being  affected  by  any  physiologic  condition  of 
the  animal  or  by  operative  procedures.  It  is  also  of  great  value,  es- 
pecially in  shock  experiments,  to  be  able  to  administer  a  tension  of 
ether  which  is  definitely  known  to  be  too  low  to  maintain  surgical  anes- 
thesia. It  is  thus  possible,  without  comt^etely  withdrawing  the  ether, 
to  know  when  the  animal  has  reached  shock. 

TTie  respiratory  and  vascular  refiexes  undoubtedly  vary  under  dif- 
ferent tensions  of  ether  but  are  fairly  constant  under  the  same  tensions. 
Some  reflexes  are  very  sensitive  to  ether  and  cannot  be  elicited  except 
under  low  tension.    Other  reflexes  will  persist  as  long  as  the  invdved 
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nerve  ceils  functionate,  in  the  study  of  any  particular  reflex  it  is  of 
as  much  importance  to  keep  the  anesthetic  constant  as  to  keep  the 
strength  and  rate  of  stimulus  constant.  This  is  impoeaible  under 
most  of  the  methods  of  a 


Fig.  2.  Kymograph  record  of  le^piratioii  and  blood  pressure.  The  animal  itt 
first  waa  under  a,  moderate  ether  tenHion  (42  uncorrected).  The  ngbt  vagus  was 
sectioned;  the  left  vngUB  was  intact.  At  signal  A  elher  was  disconnected  and  at 
signal  B  the  central  end  of  the  right  vagus  was  stimulated  until  respiratory  move- 
ments irhich  were  inhibited  at  first,  returned.  This  occupied  40  seconds.  At 
signal  C  ether  was  again  administered.  Signal  £>  marks  an  interval  of  fifteen 
minutes  during  which  a  high  ether  tension  was  adoiinistered  (64  uncorrected). 
At  signal  A'  ether  was  again  disconnected  and  at  S'  the  central  end  of  the  right 
vagus  was  stimulated  for  thrfe  minutes.  Respiration  waa  inhibited  and  after  an 
initial  rise  blood  pressure  fell  to  zero. 


Fig.  3.  Photograph  of  kymograph  record  of  respiration  and  blood  pressure. 
The  procedure  and  results  in  this  experiment  were  almost  identical  with  those 
shown  in  figure  2.  The  minor  differences  are :  the  initial  blood  pressure  was  120 
and  the  uncorrected  ether  tension  was  40;  signal  D  represents  a  period  of  fourteen 
minutes. 

A  review  of  protocols  dealing  with  studies  of  experimental  shock 
shows  that  in  many  instances  the  investiRStor  was  undoubtedly  study- 
ing a  condition  of  deep  etherization  and  not  of  shock.  This  is  prob- 
ably one  of  the  most  important  reasons  why  so  much  of  the  experi- 
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mental  data  on  shock  is  contradictory.  The  relation  of  deep  etheriza- 
tion to  the  signs  of  shock  cannot  be  too  stron^y  empbasiBed.  By  the 
manipiistioQS  of  the  Tarious  tensions  of  ether  it  is  possible  to  paraUet 
the  variouB  stages  and  signs  of  shock.  Under  high  tensions  the  blood 
pressure  is  decreased  and  all  the  other  symptoma  follow.  However,  it 
is  quite  poesible  to  saturate  an  animal  with  ether  at  a  tension  just  slightly 
lower  than  that  necessary  to  abcdidi  the  eye  refiejc  and  to  [woduce  an 
obtundlty  of  the  reflexes  without  decreasing  the  blood  pressure  to  a 
shock  lev^.  It  is  poadble  to  obtain  such  results  with  a  certainty  only 
when  the  ether  is  administered  mechanically  and  is  not  dependent  in 
any  way  on  the  respiratory  efforts  of  the  animal. 

m.    REFLEX  INHIBITION  OF  RESPIRATION  AB  A  CAD8E  OF  SUDDEN  DEATH 
DURING  OPERATION 

In  a  study  of  the  vascular  and  respiratwy  reflexes  under  various 
tengions  of  ether  (1)  it  was  found  that  all  the  respiratory  reflexes,  ex- 
cept that  which  produces  inhibition  of  respiratory  movements,  disap- 
peared before  the  respiratory  center  failed.  The  excitatory  respiratory 
reflexes  disappear  under  a  relatively  high  tension  of  ether.  On  the 
contrary,  instead  of  a  depression  of  the  inhibitory  reflex  being  caused  by 
ether,  a  relative  increase  at  least  is  quite  commtHi.  Thus  it  was  pos- 
siUe  under  deep  etherization,  in  scnoe  instances,  actually  to  kill  an 
animal  by  pndonged  stimulation  of  the  nerve  fibers  that  inhibit  respi- 
ration. It  was  believed  that  this  phenomenon  might  have  some  bearing 
on  the  shock  problem;  a  more  complete  study  of  it  was  therefore  made. 

The  idea  that  death  could  actually  be  produced  by  the  action  of  a 
nerve  reflex  has  been^veiy  prevalent  with  i'Hni<>iftn«  but  has  very  little 
clinical  or  experimental  evidence  to  support  it.  For  this  reason  our 
experiments  are  important  even  if  all  the  factws  involved  have  not 
been  determined  and  even  if  it  is  not  possiUe  at  the  present  time  to 
make  a  definite  clinical  application  of  the  data. 

The  experiments  were  performed  on  dogs.  The  animals  were  ether- 
ised in  a  closed  cabinet,  intubated  and  the  anesthesia  usually  main- 
tained with  a  Connell  (2)  anesthetometer.  In  some  experiments  a 
modified  McGrath  (3)  method  of  anesthesia  was  employed  in  order  to 
determine  if  the  method  of  administering  ether  were  a  factor  in  the 
results  obtained.  Respiration  and  carotid  blood  pressure  were  re- 
cfHxled  (mercury,  and  in  some  experiments,  membrane  manometer). 
Ether  was  always  discontinued  during  the  periods  of  stimulation.     The 
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Fig.  4.  Kymograph  record  of  blood  pt«flsure  and  reapiration.  The  animal 
was  under  a  tension  of  etlier  whioh  jiut  aMiBbed  the  eye  reflex.  Reapiration  iras 
fifteen  per  minute  and  blood  pressure  was  106.  Both  vagi  were  sectioned.  Ether 
was  disconnected  just  previous  to  the  period  of  stimulation.  The  central  end 
of  the  left  vagus  was  stimulated  for  two  minutes  and  forty-five  seconds.  Death 
followed  and  was  associated  with  inhibition  of  respiration  aad  an  initial  rise  ia 
blood  pressure. 


Fig.  fi.  Photograph  of  kymograph  record  ahowiug  sudden  death  following 
stimulation  of  the  central  end  of  the  right  vagus  for  thirty  seconds  under  a  high 
ether  tension.  Both  vagi  were  sectioned.  The  animal  had  been  under  ether  for 
several  hours  and  under  the  same  tension  (58  uncorrected)  for  one  hour.  The 
blood  pressure  and  respiration  had  been  practically  constant  for  the  half  hour 
preceding  the  stimulation.  This  record  proves  that  death  was  certainly  associ- 
ated with  an  active  inhibition  of  respiration. 
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Fig.  S.  Photograph  of  kymograph  record  sfaowiDg  recovery  after  a  long  period 
of  inhibition.  MeGrath's  method  of  aneetheaia  was  used.  The  right  vagus  was 
sectioned,  the  left  vagus  was  intact.  Stimulationof  the  central  end  of  right  vagus 
under  light  ether  produced  partial  inhibition  of  respiration  for  less  than  fifteen 
seconds  (record  1).  The  ether  tension  was  then  increased  until  the  eye  reflex 
had  just  disappeared.  Stimulation  of  the  central  end  of  the  right  vagus  now  in- 
liibited  reepiration  completely  for  the  entire  period  of  stimulation.  Wlien  death 
appeared  inevitable  stimulation  was  stopped.  Bespiratory  movements  immedi- 
atelyoccurred  and  the  animal  soon  recovered  (record  2).  This  record  proves  that 
at  least  in  some  instances  death  following  inhibition  of  respiration  under  deep 
ether  is  an  active  process  throughout. 


Fig.  7.  Photograph  of  kymograph  record  showing  increase  in  the  inhibitory 
reflex  of  respiration  under  high  ether  tension.  Both  vagi  were  sectioned.  In 
record  6  blood  pressure  was  IX  and  ether  tension  30  (uncorrected).  Stimulation 
of  the  central  end  of  the  right  vagus  for  one  minute  produced  Inhibition  of  respi- 
ration for  about  half  that  period.  The  ether  tension  was  then  increased  to  70 
(uncorrected).  When  the  eye  refiex  had  just  disappeared  the  vagus  was  again 
stimulated  (record  7).  Bloodpressure  hod  decreased  to  90.  The  stimulation  was 
maintained  for  two  minutes  and  respiration  was  completely  inhibited.  It  re- 
mained inhibited  after  the  cessation  of  stimulation  and  blood  pressure  continued 
to  fall.  Insufflation  was  then  started  and  in  a  short  time  recovery  took  place. 
This  record  shows  that  lack  of  air  appears  to  be  the  important  factor. 
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nerves  were  stimulated  electrically  in  the  OBoaJi  manner,  care  being 
taken  to  keep  the  Btimulus  aa  near  coostant  as  possible  for  each  experi- 
ment. In  many  raiperimeDts  shi^d  electrddes  were  used.  The  etimu- 
luB  was  always  maximum  in  strength  and  rate. 

From  the  results  of  the  stimulation  of  the  nerves  in  a  large  series  of 
animals  it  was  found  that  only  two  that  were  easily  exposed  could  be 
relied  on  consistently  to  produce  reBex  inhibition  of  respiration.  Stimu- 
lation of  other  nerves,  such  aa  the  brachial  plexus,  occasionally  caused 
a  cessation  of  respiratory  movements  but  only  the  superior  laryngeal 
and  the  central  ends  of  the  vagi  produced  constant  results.  Without 
doubt,  however,  the  same  results  may  be  obtained  by  the  stimulation 
of  other  nerves  when  they  are  found  to  inhibit  respiration,  particularly 
those  nerves  containing  sensory  fibers  supplying  the  upper  respiratory 
tract. 

The  stimulation  of  either  the  superior  laryngeal  or  the  central  end 
of  a  vagus  nerve  under  light  surgical  anesthesia  usually  inhibits  respira- 
tion for  a  short  period.  As  the  stimulation  is  continued,  however,  res- 
piratory movements  soon  return,  due  either  to  a  decrease  in  the  reflex, 
or  what  Ib  more  probable,  to  an  increase  in  the  chemical  stimulation  of 
the  center.  It  is  rarely  possible,  under  light  surgical  anesthesia,  to 
inhibit  respiration  by  the  stimulation  of  these  nerves  for  a  long  enough 
period  to  jeopardiw  the  life  of  the  animal.  In  our  experiments,  ex- 
eluding  those  in  which  refiex  inhibition  of  the  heart  was  associated  with 
the  inhibition  of  respiration,  blood  pressure  was  never  permanently 
lowered  to  a  shock  pressiue.  In  a  few  experiments,  however,  there 
was  marked  depression  of  the  blood  pressure  owing  probably  to  stimu- 
lation of  the  depressor  nerve,  and  complete  recovery  did  not  take  place. 
Under  ether  tensions  considerably  less  than  those  neoessary  to  produce 
surgical  narcosis,  reflex  inhibition  of  respiraUon  might  become  danger- 
ous provided  the  circulation  was  not  capable  of  compensating  for  a 
long  period  of  asi^yxia.  As  the  ether  tension  is  increased  the  length 
of  time  that  the  respiratory  movements  are  inhibited  by  the  stimula- 
.tion  of  those  nerves  is  prolonged.  Finally,  in  a  lfu?ge  number  of  animals 
under  deep  etherization,  the  respiration  fails  to  return;  the  blood  pres- 
sure quickly  falls  and  death  ensues.  Quite  frequently  death  can  be 
produced  by  reflex  inhibition  of  respiration  under  an  ether  tension 
which  will  just  abolish  the  eye  reflex.  Afatal  result  did  not  always  occur 
in  our  experiments  but  the  respiration,  with  very  few  exceptions,  was 
inhibited  for  a  much  longer  time  under  deep  etherization  than  under 
light  anesthesia;  the  opposite  was  rarely  true. 
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In  the  earlier  experiments  the  normal  blood  pressure  was  usually 
decreased  as  much  aa  one-half  before  respiration  could  be  inhibited 
long  enough  to  produce  death.  However,  it  was  found  that  by  cau- 
tiously increasing  the  ether  tension  many  animals  could  be  killed  while 
the  blood  pressure  was  practically  normal.  It  was  determined  that 
such  results  are  not  dependent  on  the  method  of  anesthesia  or  the 
height  of  blood  pressure,  and  that  they  are  obtained  with  sectioned  and 
intact  vagi. 

The  mechanism  by  means  of  which  death  is  produced,  associated  with 
an  inhibitory  reflex  of  respiration  under  deep  etherization,  is  not  clearly 


Fig.  8.  Photograph  of  kymograph  record  ahoniag  a  long  period  of  inhibition 
of  respiration  associated  with  reflex  inhibition  of  the  heart  following  stimalation 
of  the  right  superior  laryngeal  nerve  under  very  iow  ether  tension.  The  right 
vague  waa  sectioned,  the  left  vagus  was  intact.  Under  a  high  ether  tension  such 
a  long  period  of  inhibition  would  probably  have  proven  fatal  owing  to  failure 
of  the  circulation.  This  record  shows  that  while  under  very  light  ether  tension 
it  is  rarely  possible  to  inhibit  respiration  for  a  long  period  of  time,  a  fatal  result 
does  not  occur. 

defined.  In  our  experiments  death  occurred  only  when  the  nerves 
that  inhibit  respiration  were  stimulated,  and  it  was  never  produced 
under  deep  etherization  when  respiratory  movements  were  maintained. 
Death  will  not  take  place  while  insufflation  or  arti&cial  re^iration  is 
maintained.  The  processes  producing  death  seem  to  have  been  as 
follows: 

For  some  unknown  reason,  ether  does  not  abolish  the  reflexes  which 
inhibit  respiration  so  long  as  the  respiratory  center  responds.  Under 
deep  etherization  the  threshold  of  the  cells  of  the  respiratory  center  is 
greatly  increased  to  the  ?hemical  stimuli.  A  point  is  thus  reached  at 
which  the  irritability  of  the  center  is  so  depressed  by  ether  that  it  will 
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not  respond  to  the  increamng  amounts  of  carbon  dioxide  in  ^e  blood 
or  to  the  excitatory  reflexes,  but  will  respond  to  the  inhibitory  refleires. 
At  this  time  fltimtUation  of  inhibitory  fibers  will  produce  death  and, 
owing  to  the  action  of  the  h^h  tension  of  ether  on  the  circulation,  a 
very  Bhort  period  of  asphyxia  will  produce  death  very  quickly.  Tlie 
ether  tension  under  which  death  will  follow  the  stimulation  of  the  re- 
flexes inhibiting  respiration  is  fairly  constant,  although  individual 
variations  occur. 

There  seem  to  be  factors  other  than  deep  etherization,  although  prob- 
ably minor  ones,  involved  in  these  experiments.  The  reflex  producing 
inhibition  of  respiration  seems  very  resistant  to  agencies  which  usually 
depress  or  abolish  the  excitatory  reflexes  of  respiration.  Thus  it 
seems  quite  poiaible  that  most  conditions  which  decrease  the  irritabil- 
ity of  the  leqnntory  center  might  allow  death  to  occur  by  reflex  in- 
hibition of  respiration  providing  the  circulation  were  also  depressed. 
The  production  of  deep  anesthesia,  although  probably  the  most  com- 
mon and  patent,  would  be  only  one  of  these  agencies. 

The  accumulation  of  the  data  substantiating  the  idea  that  depression 
of  the  respiratory  center  associated  with  a  depressed  circulation  is 
the  important  factor  is  not  complete  and  further  investigation  in  r^ard. 
to  it  is  being  carried  on.  The  following  suggestive  facts,  however,  have 
been  obtained:  The  inhibitory  reflex  of  respiration  is  decreased  or  com- 
pletely abolished  during  periods  of  hyperpnea;  the  period  of  apnea  fol- 
lowing hyperpnea  under  hght  ether  anesthesia  is  not  increased  by  the 
stimulation  of  the  nerves  which  inhibit  respiration,  and  the  inhibi- 
tory reflex  is  decreased  or  abolished  during  the  period  of  increased 
respiratory  movements  in  the  first  stage  of  asphyxia.  An  animal  can- 
not be  killed  by  reflex  inhibition  of  respiration  during  the  first  stage  of 
asphyxia.  However,  as  asphyxia  is  prolonged  and  the  respiratory 
movements  begin  to  decrease,  stimulation  of  inhibitory  nerves  will 
inhibit  respiration  and  in  many  experiments  produce  sudden  death. 
In  some  experiments,  while  the  time  during  which  respiration  is  in- 
hibited under  deep  ether  is  greatly  increased  over  that  under  light 
ether,  death  cannot  be  produced.  A  alight  period  of  asphyxia  wilt  in- 
crease the  time  of  inhibition  so  that  death  will  occur.  It  would  seem 
that  the  lack  of  oxygen  may  be  a  factor.  Inhibition  of  respiration 
under  deep  etherization  frequently  produces  death  veiy  quickly.  The 
blood  pressure  usually  decreases  at  once  and  the  heart  soon  stops 
beating.  This  result  woidd  seem  to  imply  that  death  was  due  to  or 
associated  with  other  factors  than  asphyxia.     However,  a  comparison 
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of  the  curves  in  instances  in  which  death  was  due  to  asphyxia  under 
deep  ether  shows  a  close  similarity  bo  those  found  in  the  condition 
produced  experimentally.  The  asphyxia  under  deep  ether  seems  to 
explain  the  sudden  decrease  in  blood  pressure  and  stoppage  of  the 
heart,  although  an  active  process  may  be  involved. 

Under  light  surgical  anesthesia  respiration  is  seldom  inhibited  for 
a  very  long  time.  In  a  few  of  our  experimente  stiiaulation  of  the  supe- 
rior laryngeal  nerves  under  an  ether  tension,  slightly  too  low  for  surgical 
work,  has  produced  a  partial  inhibition  of  reepiration  for  as  long  as 
four  to  eight  minutes.    This  period  of  inhibition  is  longer  than  that 


Fig.  10.  Photograph  of  kymograph  record  ebowtag  s  rapidly  fatal  termination 
following  venous  obatruction  to  all  the  limbfl.  Aninul  etberiiedat  8:30;  method 
— modified  McGrath.  Apparatus  arranged  to  record  carotid  blood  pressure. 
Major  artery  to  each  limb  exposed.  Record  1  taken  at  8:SS,  blood  pressure  130. 
Ligatures  were  immediately  applied  to  each  limb  including  all  structures  except 
the  major  artery.  Record  2  taken  at  9:06,  blood  pressure  140.  Record  3  ti^n 
at  10:00,  blood  pressure  86.  Animal  beginning  to  exhibit  signs  of  shock.  Record 
i  taken  at  10:30,  blood  pressure  34.  The  ligatures  were  now  removed  but  the 
animal  died  during  this  procedure. 

which  produced  death  in  several  of  the  experiments  under  deep  ether. 
Under  the  very  low  ether  tension,  however,  blood  pressure  remained 
practically  normal  and  death  did  not  occur.  Undoubtedly,  if  a  high 
ether  tfinsion  had  been  used,  death  would  have  followed  Kich  prolonged 
periods  of  inhibition.  These  results  would  furnish  some  support  to 
the  idea  that  the  sudden  death  following  inhibition  of  respiration  under 
a  iiigh  ether  tension  was  mainly  owing  to  a  failure  of  the  oi^anism  to 
compensate  for  the  asphyxiation  when  saturated  with  a  high  ether  ten- 
sion. This  relation  of  asphyxia  to  deep  etherization  haa  been  previ- 
ously discussed  by  Gatch,  Gann  and  Mann  (4).     The  important  fact 
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shown  in  these  experimenta  is  that  the  inhibitoiy  reflex  of  respiratioD 
under  ether  aDesthesia  persists  as  long  as  respiratory  movements  occur. 

Experimente  dealing  with  the  attempt  to  produce  death  by  stimu-  ' 
lating  nerves  other  than  electrically,  and  under  conditions  other  than 
deep  etherization,  are  not  complete.  However,  it  would  seem  quite 
possible  to  produce  a  condition  of  depression  of  the  respiratory  center 
by  asphyxia,  oxygen-lack  or  other  methods,  without  otherwise  greatly 
disturbing  the  general  condition  of  the  animal,  so  that  the  stretching 
of  a  nerve  or  the  pulling  of  the  mesentery  might  produce  a  serious  or 
fatal  condition  owing  to  intiibition  of  respiration.' 

What  practical  bearing  such  experiments  have  on  the  shock  problem, 
it  is  impossible  to  state  at  the  present  time.  Death  is  produced  so 
suddenly  and  Btrikingly  under  these  conditions  that  it  seems  highly 
probable  the  same  effects  have  occurred  in  man.*  It  isquite  possible 
that  deep  etherization  and  inhibition  of  respiration,  while  operaticms 
are  being  performed  in  the  region  of  the  neck,  axilla  and  diaphragm, 
regions  in  which  traumatic  procedures  are  prone  to  produce  stoppage 
of  respiration,  are  responsible  for  some  of  the  sudden  deaths  on  the 
operating  table  which  the  surgeon  has  diagnosed  as  due  to  shock.  It 
should  be  noted  that  th6  depth  of  anesthesia  at  which  inhibitory  re- 
flexes become  dangerous  is  no  greater  than  that  which  some  sui^eons 
employ. 

SUmiABT 

Ether  tensions  that  will  decrease  or  abolish  the  excitatory  reflexes 
of  respiration  do  not  seem  to  depress  the  inhibitory  reflexes,  and  in 
most  instances  the  action  of  the  inhibitory  reflex  seems  to  be  increased, 
although  this  may  be  only  a  relative  result.  Ether  tensions  that  will 
depress  the  respiratory  center  so  that  it  will  not  respond  to  the  increase 
of  carbon  dioxide  in  the  blood,  usually  will  not  abolish  the  inhibitory 
reflex.  Under  such  conditions  stimulation  of  the  nerves  inhibiting ; 
respiration  will  quite  frequently  produce  death.  This  may  be  the  proc-  ' 
ess  by  means  of  which  sudden  death  is  produced  during  operation. 
However,  death  due  to  inhibition  of  respiration  should  never  occur, 
under  light  surgical  anesthesia. 

*  In  an  excellent  article  on  shock,  Webster  (5)  ahows  a  kymograph  tracing  in  . 
which  pulling  on  the  mesentery  in  a  shocked  animal  produced  inhibition  of  respi- 
ration and  death. 

■  Hewitt  (6)  reports  a  case  in  which  respiratory  failure  occurred  during 
fLbdominal  incision,  but  artificial  respiration  was  effective.  The  corneal  reflex 
had  disappeared.    Results  in  this  case  seem  to  parallel  our  experiment. 
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IV.   THE  RELATION  OP  THE  CAPILLABT  AND  VENOUS  BEDS  TO  THE  SIGNS 
OP  8H0CS 

This  investigation  was  made  for  the  purpose  of  determining  the  small- 
est capillary  and  venous  area  which  cotild  be  made  to  contain  enoi^h 
fluid  to  produce  the  signs  of  shock.  There  is  no  doubt  that  the  cause 
of  the  condition  which  the  surgeon  calls  shock  is,  in  a  large  number  of 
cases,  a  loss  of  circulating  fluid.  The  method  by  means  of  which  this 
fluid  is  lost  to  the  circidatiou  is  not  known  nor  is  its  place  of  sequestra- 
tion fully  established.  It  has  been  shown  (7)  that  the  capacity  of  the 
vascular  system  in  the  splanchnic  area  is  such  that  it  would  hold  several 
times  the  normal  unounit  of  blood.  There  is  also  no  doubt  but  that 
in  shock  due  to  exposure  of  the  abdominal  viscera  the  initial  loss  of 
fluid  takes  p'ace  in  this  area.  What  relation  the  remaining  capillary 
and  venous  area  of  the  body  bears  to  the  loss  of  circulating  fluid  is  not 
known.  Cannon  (8)  believes,  and  has  presented  data  to  substantiate 
the  belief,  that  the  lost  fluid  is  due  to  capillary  stagnation. 

Janeway  and  Jackson  (9)  have  shown  that  a  circulatory  failure  whj<;b 
presents  the  typical  signs  of  shock  can  be  produced  in  dogs  by^  partial 
occlusion  of  the  inferior  vena  caya  at  its  point  of  entrance  into  l^e 
thorax.     This  has  been  corrobor^tod  by  other  observers. 

The  method  of  investigation  in  this  series  of  experiments  consisted  in 
including  in  one  sinf^e  strong  ligature  all  the  structures  to  each  lialb 
except  the  major  artery.  In  thi^  way  the  major  artery  was  allowed  to 
pump  blood  into  the  limh  from  which, all  venous  and  lymph  return 
was  obstructed.  The  animal  was  maintained  under  a  constant  ether 
anesthesia  and  carotid  blood  pressure  was  recorded  (mercury  manom- 
eter). The  ligatures  were  always  applied  so  as  to  include  as  mu^h 
of  the  limb  as  possible.  Under  such  experimental  condition^  three  re- 
sults might  occur:  a,  Stagnation  of  circulatory  fluid  in  the  occluded 
venous  and  capillary  area  to  their  full  capacity.  The  general  effects 
of  this  loss  of  fluid  would  depend  on  the  size  of  the  area  involved  and 
the  ability  of  the  remainder  of  the  tissues  to  compensate  for  the  loss. 
_b,  Injury,  owing  to  lack  of  proper  circulation,  to  all  the  tissues  of  this 
region,  c,  After  removal  of  the  ligatures,  the  passage  into  the  general 
circulation  of  toxic  products  which  might  have  been  formed  during  the 
period  of  occlusion. 

The  results  of  a  large  series  of  experiments  are  in  general  agreement. 
The  first  result  of  Ugating  the  limbs  in  the  manner  described  is  usuiUy 
a  slight  and  transient  rise  in  blood  pressure,  although  occasionally  the 
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pressure  may  decrease  from  the  b^inning.  Id  any  event,  the  blood 
pressure  soon  decreases  and  at  the  end  of  two  hours  has  only  about  one- 
half  its  initial  value.  Usually  this  decrease  takes  place  very  gradually 
but  sometimes  it  drops  suddenly  after  having  been  maintained  at  ap- 
proximately its  noimal  level  for  a  long  time.  Other  signs  of  shock  also 
develop;  for  example,  a  short  time  after  the  application  of  the  ligatures 
to  the  limbs  it  is  usually  possible  to  decrease  the  ether  tension  to  a 
point  greatly  below  that  necessary  to  maintain  anesthesia  in  a  normal 
animal.  Thus,  at  the  end  of  two  hours  after  ligation,  an  animal  usu- 
ally exhibits  the  major  signs  of  shock. 

If  the  ligatures  are  removed  after  blood  pressure  has  decreased  about 
one-half  of  its  initial  value,  one  of  two  results  follows.  Blood  pressure 
either  increases  or  decreases.  In  the  majority  of  our  experiments  blood 
pressure  increased  after  the  removal  of  the  hgatures,  but  complete 
recovery  did  not  occur.  This  rise  in  pressure  was  seldom  long  main- 
tained but  soon  decreased  again  and  within  an  hour  or  so  was  as  low 
as  when  the  Ugatures  were  removed.  In  some  of  the  experiments  the 
blood  pressure  fell  immediately  after  the  removal  of  the  ligatures.  In 
most  of  the  animals  death  soon  occurred  although  in  a  few  the  blood 
pressure  was  maintained  at  that  low  level  for  a  long  period  of  time. 
The  results  of  the  experiments  may  be  best  explained  as  follows:  The 
initial  fall  in  blood  pressure  is  probably  due  to  the  occlusion  and  stag- 
nation of  circulatory  fiuid  in  the  isolated  capillary  and  venous  areas. 
The  variation  in  the  length  of  time  in  which  the  blood  pressure  de- 
creases apparently  depends  on  the  ability  of  the  rest  of  the  body  to 
compensate  for  the  fluid  loss.  The  variable  results  following  the  re- 
moval of  the  ligature  are  due  to  damage  to  the  tissues  in  the  involved 
area  and  the  passage  of  toxic  products  from  the  injured  tissues  into  the 
general  circulation. 

The  primary  factors  involved  in  these  experiments,  a,  stagnation  of 
circulatory  Suid,  h,  damage  to  large  areas  of  tissue  in  such  a  manner 
that  their  mechanism  for  controlling  fluid  exchange  and,  when  the 
area  is  large  enough,  volume  is  impaired,  and  c,  toxic  products  of  cell 
metabolism  and  cell  disintegration  may  all  be  of  importance  in  the 
production  of  some  of  the  conditions  which  the  surgeon  calls  shock. 

In  such  experiments  it  is  difficult  to  make  estimations  of  the  relative 
capacity  of  the  capillary  and  venous  beds  involved  to  the  total  capacity 
of  all  these  beds  in  the  body.  However,  it  was  possible  to  obtain  ap- 
proximate data  on  the  relation  of  the  total  weight  of  tissue  below  the 
ligature  to  the  total  body  weight.     This  was  done  in  animals  not  sub- 
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jected  to  ligation  in  order  to  elimiiiate  tlie  possibility  of  changes  in  the 
tissues  themselves  as  the  means  of  complicating  the  results.  The  ani^ 
mals  had  been  used  in  other  experiments  and  had  been  fasted  for  twelve 
hours  before  deaUi.  The  limbs  were  amputated  at  the  level  at  which 
the  ligature  was  applied  and  a  comparison  of  the  total  weight  of  the 
amputated  limbs  to  total  body  weight  was  made.  As  there  are  several 
sources  of  error,  the  comparisons  are  only  approximate.  The  data 
show  that  on  an  average  15  per  cent  of  the  total  weight  of  the  tissues 
of  the  body  was  involved  in  the  ligature. 

Ligation  of  only  three  limbs  produced  variable  results.  Blood  pres> 
sure  was  rarely  lowered  to  a  shock  pressure.  Section  of  the  nerves  to 
each  limb  did  not  seem  to  produce  any  change  in  the  effect  of  the 
Ration. 

In  summarising  it  may  be  restated  that  ligation  of  all  the  structures 
to  the  limbs  of  a  dog  except  the  major  artery,  will  usually  produce  all 
the  signs  of  shock.  The  relative  amount  of  tissues  involved  by  these 
ligatures  was  on  an  average  approximately  15  per  cent  of  the  total 
body  weight.  The  ^cperiments  show  that  a  circulatory  impairment  fol- 
lowing venous  obstruction  of  the  return  of  blood  from  Uie  four  limbs  of 
an  etherized  animal  is  sufficient  to  produce  the  fflgns  of  shock. 
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INTBODUCTION 

Von  Tappeiner,  Jodlbauer  and  their  coworkers  (1)  have  carried  out  a 
great  number  of  experiments  on  the  destructiye  effect  of  visible  radia- 
tion on  variouB  cells,  enzymes  and  toxins  when  Buorescent  Bubatances 
are  present.  Not  all  fluorescent  substances  are  found  to  be  conBistently 
harmful  and  there  is  no  correlation  between  the  d^ree  of  fluorescence 
and  the  amount  of  photodynamic  action  for  the  different  materials 
used.  However,  the  fact  that  all  the  substances  which  were  found 
harmful  are  fluorescent  in  some  degree  seems  to  establish  a  definite  con- 
nection between  the  two  effects.  Two  facts  that  stand  out  clearly  are 
a,  that  only  the  wave-lengths  absorbed  by  the  fluorescent  substance 
are  harmful;  b,  that  for  visible  rays  the  presence  of  oxygen  is  necessary 
to  produce  photodynamic  action.  The  first  fact  would  be  true  if  the 
effect  were  due  to  any  photochemical  change  and  does  not  necessarily 
point  to  any  connection  with  fluorescence.  The  second  fact  seems  to 
indicate  that  the  effect  is  photochemical  and  that  fluorescence  is  not 
the  essential  factor,  since  oxygen  is  not  necessary  for- fluorescence. 

A  number  of  experimenters  have  objected  to  the  conclusion  that  the 
property  of  fluorescence  is  in  itaelf  harmful.  Straub  (2)  found  that 
the  oxidation  of  many  well-defined  chemical  substances,  by  the  oxygen 
of  the  air,  is  greatly  increased  by  eosin  in  the  presenceof  light.  He  con- 
cluded that  eosin  is  toxic  on  account  of  poisonous  substances  formed 
by  autoxidation.  HeSter  (3)  examined  the  acids  formed  by  eosin  in 
the  process  of  autoxidation  and  found  carbonic,  oxalic,  phthalic  and 
hydrobromic  acids.  It  would  seem  that  the  formation  of  these  acids 
might  easily  explain  the  harmful  effects  on  paramoecia  and  bacteria, 
especially  in  view  of  the  Ledoux-Lebard  experiment  and  von  Tappeiner's 
addition  to  it.  Ledoux-Lebard  (4)  found  that  a  previously  illuminated 
251 
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solution  of  eosin  was  fatal  to  paramoecia  in  the  dark,  whereas  a  freshly 
prepared  solution  of  the  same  strength  waa  harmless.  Von  Tappeiner 
showed  that  this  effect  is  definitely  due  to  the  formation  of  acids,  as 
neutralizing  the  illuminated  solution  renders  it  harmless  again.  He  is, 
however,  convinced  that  the  slow  formation  of  free  acids  does  not 
account  for  the  swift  photodynamic  effect  observed,  especially  as  para- 
moecia will  die  in  neutral  and  alkaline  solutions  in  the  presence  of 
fluorescent  substances  and  light.  Also,  a  photodynamic  death  is  fol- 
lowed by  a  swift  disintegration  of  the  paramoecia,  whereas  after  a  death 
from  free  acids  they  keep  their  shape  for  many  hours. 

Von  Tappeiner's  own  theory  att^npts  to  explain  the  fact  that  while 
oxygen  is  necessary  for  a  toxic  effect  with  visible  Ught,  ultra-violet  rays 
are  harmful  in  its  absence.  He  beheves  that  the  fundamental  phenom- 
enon, in  both  cases,  is  a  decomposition  by  which  groups  are  released 
which  can  be  oxidized  by  light  in  the  presence  of  oxygen.  With  short 
wave-lengths  this  decomposition  is  far-reaching  under  all  conditions 
whereas,  with  visible  light,  it  only  reaches  a  perceptible  d^ree  when 
oxygen  is  present  and  the  oxidizable  dec(»nposition  products  are  con- 
tinually removed  by  oxidation.  The  fluorescent  substances,  he  believes, 
hasten  the  oxidation  and  therefore  the  whole  process. 

This  explanation  still  leaves  the  r6le  of  the  fluorescent  substances  in 
a  very  vague  state  and  the  following  experiments  were  carried  out  in 
hopes  of  finding  some  clue  as  to  what  this  r61e  m^ht  be.  To  avoid  com- 
plications from  the  toxic  effects  of  acids,  rennin  was  chosen  as  the  sub- 
ject for  experimentation. 

Rennin  is  favored  by  a  sl^tly  acid  medium  and  is  not  killed  by  heat 
under  a  temperature  of  55°C. 

PREVIOUS   WORK   ON   RENNIN 

Without  the  presence  of  a  sensitizing  substance  rennin  is  very  sensi- 
tive to  ultra-violet  light  and  is  affected  very  little  if  at  all  by  visible 
rays.  Emmerling  (5)  found  that  an  exposure  of  five  days  to  indirect 
sunlight  cuts  down  the  activity  of  rennin  to  one-half,  exposure  to  direct 
sun  to  one-third.  Hertel  (6)  found  that  the  waves  of  X  (wave  length) 
280/xM  are  very  destructive  to  rennin  and  Schmidt-Neilson  (7)  fomid 
that  96  per  cent  of  the  total  effect  of  a  quartz  mercury  are  on  rennin  is 
due  to  waves  of  X  (220  ->  250)  p/*. 

Ri^iner  (8)  and  Quiring  (9),  two  pupils  of  V.  Tappeiner,  invest^ted 
the  effect  of  light  on  rennin  in  the  presence  of  fluorescent  substances. 
They  found  a  strong  inhibitive  action  in  the  presence  of  substances  of 
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the  fluorescein  group  and  a  measurable,  though  anall,  effect  with  the 
anthracene  group,  magda]a  red  and  methylene  blue.  Negative  results 
were  obtained  with  substances  of  the  acridine,  phenazln  and  naptha- 
lene  groups,  with  quinoline  dyes  and  aesculin.. 

Huber  (10)  in  a  paper  on  the  sensitizing  effect  of  fluorescent  sub- 
stances, gives  some  interesting  experiments  on  the  effect  of  eosinand 
erythrosin  on  renniD  ferment.    He  gives  the  following  results: 

1.  While  a  given  rennin  solution,  containing  eosin  or  erythrosin,  is 
unaffected  as  long  as  it  remains  in  the  dark  and  will  clot  milk  in  ten 
minutes,  on  exposure  to  light  its  activity  is  decreaaed  so  that  the  clot- 
ting does  not  occur  for  an  hour  or  more. 

2.  The  same  result,  though  to  a  very  much  smaller  d^p*ee,  was  ob- 
served when  the  eosin  or  erythrosin  was  added  to  milk  and  exposed 
and  the  rennin  added  subsequently. 

3.  When  the  eosin  or  erythrosin  was  exposed  alone,  and  then  added 
to  the  milk  and  rennin,  no  weakening  of  activity  was  observed. 

4.  The  presence  of  air  favored  the  toxic  effect  of  eosin  and  light  but 
there  was  still  a  large  effect  when  air  was  excluded. 

5.  Under  screens  of  eosin  and  erythrosin  solutions  the  effect  of  light 
is  diminished  but  still  large. 

6.  The  toxic  effect  of  light  on  eosin  and  rennin  is  pennanent,  since 
a  solution  exposed  and  kept  overnight  has  the  same  action  as  one  to 
which  milk  is  added  immediately  after  exposure. 


In  the  following  experiments  a  solution  was  made  from  one  Hansen's 
junket  tablet  to  30  cc.  of  distilled  water.  To  5  cc.  of  this  solution  defi- 
nite amounts  of  solutions  of  eosin  and  other  substances  were  added. 
The  solution  was  exposed  to  direct  sunlight  in  an  open  beaker  and  tnen 
added  to  15  cc.  of  milk  at  a  temperature  of  30°C.  The  mixture  was 
placed  in  a  thermostat  at  37°C.  and  the  time  of  clotting  observed.  The 
controls  of  5  cc.  exposed  junket  solution  and  15  cc.  of  milk  clotted  in  5  -~> 
8  minutes. 

In  experiments  with  color  screens  of  absorbing  solutions,  the  rennin 
solution  was  placed  in  a  small  Sat  dish  and  a  slightly  larger  dish,  cov- 
ered and  filled  with  the  absorbing  solution,  was  placed  on  top.  The 
Bides  of  the  bottom  dieb  were  blackened  so  that  the  light  came  oiily 
through  the  absorbing  screen.  With  colored  glass  screens  the  upper 
dish  was  replaced  by  the  glass. 
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The  effect  of  heat  was  first  tried  and  the  results  are  given  in  table  I. 

There  is  therefore  no  destructive  effect  fr<Ha  heat  under  55°C.  and 

as  the  experiments  were  conducted  in  cool  weather  the  temperature, 

TABLE! 

Effect  of  Ileal 


9c.  remun  Bolution  heated  to  GO*^ 

;c.  rennin  solution  +  0.0005  gram  eMiD  heated  to  fiO°C. 

;c.  rennin  solution  heated  to  66°C 

;c.  rennin  solution  +  0.0006  gram  eosin  heated  to  S5°C. 

!c.  rennin  solution  heated  to  60°C 

;c.  rennin  solution  +  0.0006  gram  eosin  heated  to  00°C. 


No  clot  in 
minut«s 


even  in  direct  sunlight,  was  always  under  30°C.  and  there  were  no  com- 
plications from  heat. 
The  effect  of  acid,  alkali  and  alcohol  is  shown  in  table  2. 

TABLE  2 

Effect  of  acid,  alkali  and  alcohol 


1  +  1.0  ( 
1  +  0.6  c 
ution  +  1.0  ( 
[ution  +  0.2  c 
iution  +  0.4  c 
1  ution  +  0.6  ( 
ution  +  1.0  ( 


O.I  percent  NaOH.. 
0.1  percent  NaOH  . 
0,1  percent  HiSO*.., 
0.1  per  cent  HiSO, . . 

1  per  cent  HiSOi 

1  per  cent  HtSOi 

S6  per  cent  alcohol.. 
S6  per  cent  alcohol . . 


Since  the  activity  of  rennin  is  favored  by  an  acid  and  hindered  by  an 
alkaline  medium,  and  unaffected  by  alcohol,  it  was  possible  to  try  the 
effect  of  sever^  subBtances  that  are  soluble  in  alcohol  and  not  in  water. 

The  fact  that  eosin  is  harmless  except  on  exposure  to  light  is  shown 
in  table  3. 
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TABLE  1 
Effect  of  eotin  tn  dark 


Bcc 


rennin  solution  in  dkrk  S  houra 

rennin  solution  -f-  O.OOOS  griun  eorin  in  dark  5  hours 

rennin  solution  +  0-001  grtun  e<Min  in  dark  5  houra 

rennin  solution  +  0.0006  grun  eosin  in  dark  48  houra. . 
rennin  solution  +  0.001  grun  eosin  in  dark  48  houra. . . 


Huber  (10)  found  tliat  previously  illuminsted  eosin  is  harmless  and 
that  the  toxic  effect  resulting  from  exposure  of  eosin  and  rennin  is  perma- 
nent. These  conclusions  are  confirmed  by  the  results  given  in  tables 
4  and  5. 

TABLE  1 

Effect  o}  prtwmsly  iXlvmiwjted  eotin 


O.OOl  gram  eosin  (wat«T  solution)  3)  houra  sun  (rennin  added  later). 
0.001  gram  eosin  (water  solution)  11  houn  sun  (rennin  added  later). 


TABLE  1 

Permaneney  of  toxic  effeel» 

HILK  tDDBD  AT  OltCB 

nMBfOOAT 

irmnatD- 

TUB  TO  CLOT 

5  cc.  rennin  solution  +  0.0005  gram  eosin, 

11  houra 
3i  houra 
50  minutes 
1}  houra 

Same 
Same 
Same 
Same 

11  houra 
31  houra 

S  cc.  rennin  solution  +  0.001  gram  eosin, 

S  cc.  rennin  solution  +  0.001  gram  fluor- 
escein, 2i  hours  tun , 

5  ec.  rennin  solution  +0.001  gram  methyl- 

After  these  preliminary  experiments  special  ones  were  undertaken 
with  a  view  to  determining  what  rfile  fluorescence  plays  in  the  effect. 

If  fluorescence  is  the  determining  factor  one  would  expect  the  following 
results: 

1.  All  fluorescent  substances  should  be  harmful,  when  wave-lengths 
capable  of  stimulating  fluorescence  are  used,  and  non^uorescent  sub- 
stances should  be  harmless. 
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2.  A  strongly  fluorescent  substance  should  be  more  toxic  than  one 
in  which  the  fluorescence  is  weak  or  barely  perceptible. 

3.  The  wave-lengths  of  light  which  stimulate  maximum  fluorescence 
should  give  the  maximum  toxicity. 

To  test  the  first  point  a  number  of  substances  were  examined.  Hie 
following  gave  negative  results:  Congo  redj  methyl  green,  fuchsine, 
neutral  red,  methyl  orange,  chlorophyll  (alcoholic  solution),  quinine 
sulphate  (faintly  acid  solution),  gentian  violet,  resorcinol  and  haemato- 
porphyrin.  Of  these,  chlorophyll  and  quinine  sulphate  show  strong 
fluorescence;  congo  red,  neutral  red  and  haematoporphyrin  weak  fluor- 
escence. Toxicity  in  the  presence  of  light  was  found  to  be  very  marked 
for  eosin  and  erythrosin  and  present,  though  weak,  for  fluorescein  and 
methylene  blue  all  of  which  are  fluorescent.  It  was  also  found,  aswill 
be  given  in  detail  later,  that  a  non-fluorescent  emulsion  of  silver  bro- 
mide and  rennin  solution  was  toxic  in  the  light.  So  all  fluorescent 
substances  are  not  harmful  and  all  non-fluorescent  substances  are  not 
harmless. 

As  to  the  second  point,  experiments  have  been  carried  out  by  V. 
Tappeiner  (1)  on  the  relation  between  the  degree  of  fluorescence  and 
the  amount  of  toxicity  for  paramoecia.  He  found  that,  with  any  given 
substance,  the  toxicity  changed  in  the  same  direction  as  the  fluorescence. 
For  example,  they  both  decrease  with  the  addition  of  salt  to  quinine 
sulphate.  But,  except  for  this,  there  was  no  connection.  Fluorescein 
is  very  fluorescent  and  not  very  harmful  while  the  opposite  is  true  of 
anthraquinone. 

And,  in  the  case  of  substances  of  the  fluorescein  group,  the  toxicity 
actually  increases  with  decrease  in  fluorescence  as  is  shown  in  the  fol- 
lowing table  from  Von  Tappeiner's  work  (II)  (table  6). 

I  obtained  a  similar  result  with  the  fluorescein  groups  and  rennin 
(table  7). 

Fluorescein  shows  eve^  less  toxicity  than  methylene  blue,  a  weakly 
fluorescent  substance  of  another  group  (see  table  8). 

So  far  there  would  seem  to  be  no  evidence  that  fluorescence  is  the 
controlhng  factor  in  photodynamic  action  on  rennin.  The  third  point 
to  be  tested  is,  however,  the  decisive  one  and,  in  the  case  of  eosin,  the 
wave-lengths  giving  maximum  fluorescence  are  well  known.  Nichols 
and  Merritt  (12)  made  a  careful  study  of  the  fluorescent  spectra  <  f  a 
number  of  substances  with  the  spectrophotometer  in  order  to  test  the 
validity  of  Stokes'  law  (i.e.,  the  fluorescent  light  is  always  of  greater 
wave-length  than  the  exciting  light).     Among  these  substances  they 
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tried  eoein  in  dilute  ulcoholic  solution.  Their  curves  showing  the  dis- 
tribution of  intensitiee  in  the  fluorescent  spectrum,  for  different  wave- 
lengths of  exciting  light,  are  reproduced  in  figure  1.    The  maximum 


TABLES 

tvmiutcm 

„„„„^.„... 

lOXICTTTTO 

Tjmt  DiT- 
-1) 

^s?^. 

Very  strong 
Strong 
Moder&te 
Weak 

1  Only  perceptible 
f     witb  lens  in  aun 

11 

35 
60 
80 
160 
100 

m 

Tetraiodo  fluoreBceiu  (erytbroUD) 

89 

Tetrschlortetraicdo  fluoreacein', 

89 

J  cc.  reimin  solution  +  fluorescein  0.001  gram , . 

J  cc.  rennin  solution  +  erythrosin  (tetraiodo 
fluorearein)  0.001  gram 

i  cc.  rennin  solution  +  eosin  (tetrabrom  fluor- 
escein 0.001  gram 


8  minutes 
12  minutes 
15  minutes 


12  minutes 

45  minutes 

No   clot   in 
hours 


TABLES 

Ithoun          1           2ll»»n 

rata  ro  OAST 

5  CC.  rennin  solution  +  methylene  blue  (0.001 

»„^u„. 

50  minutes 

wave-length  of  the  fluorescent  light  and  the  distribution  of  intensity  in 
the  fluorescent  band,  are  independent  of  the  wave-length  of  the  exciting 
light,  but  the  maximum  intensity  of  fluorescent  light  for  eosin  is  given 


yGoogIc 


258  JAHET  HOWELL  CLASK 

by  \  590  +  lilt  for  the  excitii^  light  which  is  greater  than  S^itft,  the  wave- 
length* of  maximum  intensity  of  fluoreacent  light  (a  contradiction  of 
Stokes'  law).  With  decreasing  wave-lengths  the  intensity  of  the  fluor- 
escent Ught  diminishes. 


Fig.  I.  The  fluorescence  spectrum  of  eoain  when  the  exciting  light  lies  in  dif- 
ferent regions  of  the  apectmm.  Ordinatea  give  the  intensity  of  fluorescence  and 
abscissae  the  wave-lengths.  Curved  was  obtained  when  the  exciting  light  was 
confined  to  the  region  marked  A  on  the  axis  of  wave-lengths.  D  —  Tranamission 
curve  of  eosin.    Vertical  scale  arbitrary.    Horisontal  scale  in  mi  ~  O.OOOOOI  mm. 

Huber,  in  his  experiments  with  rennin  and  eosin,  found  that  an 
eosin  screen  did  not  cut  down  the  effect  of  light  to  any  great  extent. 
This  is  interesting  as,  in  general,  for  any  photochemical  or  fluorescent 
effect,  one  would  expect  only  the  wave-lengths  absorbed  by  the  aub- 
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stance  itself  to  be  effective.  However,  since  the  results  of  Nichols  and 
Menitt  show  that  the  maximum  SuoreBcence  of  eosin  is  caused  by 
wave-lengths  just  to  the  red  of  the  absorption  band,  the  results  given 
by  Huber  may  not  be  in  disagreement  with  the  theory  that  fluorescence 
is  the  controllii^  factor  in  photodynamic  action  on  rennin.  In  order  to 
find  just  which  wave-lengths  are  most  injurious,  5  cc.  of  rennin  solution 
+  0.001  gm.  of  eosin  or  erythrosin,  was  exposed  to  sunlight  behind 
screens  of  methyl  red,  potassimn  bichromate,  chrome  alum,  cupram- 
ooium  and  eosin  (or  eiythrosin).  These  substances  have  the  follow- 
ing  transmission  in  the  visible. 

Methyl  red XX  600  M*t— •  690  w 

PotoMium  biehromAto XX  500  m>  -♦  690  «i 

Cbrome  alum XX460mi-^&50wi 

Cupr&mmonium XX  420  m> — •  520  iiti 

Eosin,  in  moderately  dilute  solutions,  cuts  off  everything  below  X 
bSO/ifx  in  the  visible,  but,  with  a  very  dilute  solution,  there  is  partial 
transmission  from  X  460^*  to  X  420fi;i. 

Ehythroein,  moderately  dilute,  cuts  out  everything  below  X560fiM 
but,  when  more  dilute,  gives  weak  transmission  from  X420>ifi  to  \iSOmi. 

The  glass  screens  used  were  more  dense  than  the  solution  screens  and 
required  longer  exposure.     They  showed  the  following  traosmission : 

Red  eIus XX  680  ;./.-»  800  MM 

Yellow  glara XX  680  w  -»  510  «* 

Green  glow XX  620  mm-»  480  w 

Blue  glooa  (cobalt) XX  610  wi  ->  420  w 

With  a  faint  tranamiaeion  band  at X600  iim 

If  the  effect  is  one  due  to  fluorescence  the  maximum  effect  for  eosin 
would  be  expected  behind  the  potassium  bichromate  screen.  There  is 
unfortunately  no  definite  investigation  giving  the  maximum  stimulat- 
ing wave-length  for  erythrosin.  It  has  a  yellowish-green  fluorescence 
and  the  stimulating  wave-lengths  would  probably  he  in  the  green  and 
blue.  Experiments  with  the  color  screens  give  the  results  of  tables  9, 
10,  11  and  12. 

As  eosin  has  no  absorption  band  in  the  ultra-violet,  one  would  expect 
no  greater  inhibition  in  that  region  with  eosin  and  rennin  than  with 
rennin  alone.    Experiments  with  a  quartz  mercury  arc  confirmed  this. 

No  color  screen  experiments  were  tried  with  fluorescein  and  methyl- 
ene blue  as  they  showed  such  a  small  effect.  With  erythrosin  and 
eosin  the  maximum  inhibition  was  found  in  the  blue  and  green,  green 
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TABLE* 

Eosin   (0.001  gram  in  5  cc.  rennin  solution)  goliUioriK 


I  !houn  |lllKnin|llfaoim|l)lwunhllHiDnjllho 


Clotting  time  (minutes) 


Red  SCI 

Yellow 
Green  s 
Blue  ec 


13 

'  5 

10 

12 

12 

12 

13 

19 

9 

30 

22 

60 

20 

30 

25 

13 

45 

45 

240 

110 

60 

go 

36 

50 

60 

300 

85 

210 

35 

28 

IS 

15 

12 

15 

18 

Eosin  {glass 

screen,)    ' 

.XPO.UB 

..D.. 

2|  hours  Bun   1     ahouMaun    1 

ibounaiu    1 

Shduniun 

Clottinft  time 

(minutea) 

Red 

10 
10 

90 
270 

9 
15 
SO 
180 

9 

10 
20 
25 

9 
11 
20 
25 

9 

Erytkrosin  (O.OOi  gram  in  S  a 


n  solution)  soltUion  ei 


liho™  uh™.  ^™  'iS3^ 


Clotting  tiin 

e  (minutes) 

15 

10 

8 

13 

30 

20 

8 

12 

15 

10 

10 

15 

55 

30 

35 

30 

20 

10 

18 

35 

170 

30 

190 

105 

IS 

15 

IS 

25 

210 

38 

70 

60 

18 

10 

10 

13 

40 

18 

30 

35 

Yellow,.. 

Blue 

Erythroai 
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liglit  being  most  effective  for.  erythrosin  and  blue  for  eosin.  Id  the 
case  of  eiythroein  this  would  be  consistent  with  the  theory  that  fluor- 
escence is  the  primary  cause  of  inhibition.  The  results  with  eosin, 
however,  show  very  definitely  that  this  is  not  true  as  the  most  marked 
inhibition  is  due  to  blue  light,  which  gives  but  faint  fluorescence,  and 
the  yellow  light  that  stimulates  maximum  fluorescence  is  almost  harm- 
less. No  attempt  was  made  to  determine  the  relative  amounts  of, 
enei^  transmitted  by  the  different  screens. 

TABLE  i: 

Brylhroain  (gla»»  screens).     Exposure  time  4  hours  sun 


-..- 

5 
10 
25 
15 

5 
8 
10 
12 

S 
8 
30 
20 

10 
20 
15 
25 

8 
8 
16 
12 

Yellow 

Blue       ..  . 

17 

DISCUSSION 

There  is  unfortunately  no  generally  accepted  theory  of  fluorescence. 
The  most  comprehensive  one  so  far  proposed  is  that  first  suggested  by 
Wiedemann  (13)  in  1889,  and  later  modified  and  extended  by  Wiede- 
mann and  Schmidt  (14).  According  to  this  theory  some  chemical  or 
physical  change  is  produced  in  a  luminescent  substance  during  excita- 
tion and  the  emission  of  light  is  an  accompaniment  of  a  more  or  less 
gradual  restoration  of  the  modified  substance  to  its  original  condition. 
That  is,  under  the  action  of  light,  a  portion  of  the  substance  is  changed 
from  a  stable  condition  A  to  an  unstable  condition  B.  Luminescence 
may  be  due  to  the  vibrations  set  up  during  the  change  A  -~>  B  or  to  the 
fact  that  the  reaction  B— » A  proceeds,  during  excitation,  with  the  emis- 
sion of  hght .  According  to  this  theory  fluorescence  is  primarily  a  photo- 
chemical phenomenon.  It  would  seem  reasonable  to  suppc^e  that, 
while  in  the  unstable  state  B,  some  fluorescent  substances  might  be 
harmful  and  some  not,  depending  on  what  by-products  were  formed  in 
the  changes  A  4=i  B.  In  this  case  one  might  look  for  a  harmful  pho- 
tochemical effect  in  both  fluorescent  and  non-fluorescent  substances,  but 
with  the  chances  in  the  favor  of  effective  substances  being  fluorescent, 
since  all  fluorescent  materials  are  subject  to  photochemical  action. 

A  very  familiar  photochemical  reaction  is  that  which  takes  place 
with  a  photc^raphic  plate,    A  plate  coated  with  silver  bromide  alone. 
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and  exposed  to  hght  ia  acted  od  to  f onn  ^ree  bromine  but,  when  a  cer- 
tain amount  is  formed,  a  stationary  balanced  condition  is  reached  owii^ 
to  the  recombination  of  silver  and  bromine.  Such  a  plate  would  be  of 
very  little  use  in  photography,  being  comparatively  insenaitive.  If, 
however,  a  subetasce  auch  aa  gelatine  is  present,  which  ofHnbines  with 
the  bromine  as  it  is  fonned,  a  much  greater  dectMnpoeition  of  the  silver 
bromide  takes  place. 

Probably  the  action  of  light  on  eosin  is  entirely  aimilar.  When  ex- 
posed to  light  it  undergoes  the  transformatiim  A  ^  B.  Unless  some 
substance  ia  present  to  take  up  the  harmful  dissociatioD  products  as 
they  are  formed,  the  reaction  soon  reaches  equilibrium  and  Uttle,  if 
any,  permanently  toxic  substance  is  formed.  This  would  explain  the 
fact  that  previously  illuminated  eosin  is  hannlesa  (see  table  4).  If  how- 
ever eosin  and  rennin  are  exposed  together  the  renoin,  acting  like  the 
gelatine  of  the  phot<^aphic  plate,  takes  up  the  toxic  aubetancea  as 
they  are  formed  and  the  reaction  proceeds  much  further. 

tVlBLE  u 


rennin  solution 

rennin  solution  +  0-6  gram  AgBr   3  hours  d&rk 

rennin  solution  +  O.fi  gram  AgBr  20  tioura  dark 

rennin  solution  +  0.6  gram  AgBr    3  hours  moderate  su 
rennin  solution  +  0.6  gram  AgBr    3  hours  bright  sun. . 


10  minutes 
10  minutes 
10  minutes 
1)  hours 
No    clot    in 


Now  eoain  and  eiythroein  are  both  very  toxic  whereas  fluorescein,  from 
which  they  are  derived,  is  ctHnparatively  harmleea.  Since  eosin  is  tetra- 
brom  fluorescein  and  er}rthro8in  is  tetraiodo  fluorescein,  the  presence  of 
the  half^ns  must  account  for  the  difference.  Probably  the  action  of 
light  results  in  freeing  bromine  and  iodine,  or  some  simple  compound 
of  these  substances  and  these,  being  taken  up  by  the  rennin  as  they  are 
formed,  destroy  its  activity. 

The  experiment  was  tried  of  adding  free  bromine  and  iodine  to  the 
rennin  aolution  and  in  both  cases  its  activity  was  greatly  inhibited,  es- 
pecially in  the  case  of  bromine  where  the  smaUest  trace  produced  a 
strong  effect.  If  the  inhibition  is  due  to  the  action  of  free  halogens  on 
rennin  one  would  expect  an  emulsion  of  silver  bromide  to  be  harmful 
to  rennin  in  the  light  and  not  in  the  dark.  Experiments  with  silver 
bromide  gave  the  following  results  which  definitely  confirm  the  view 
given  above  (table  13). 


.yGooglc 


PHOTO-CHEMICAL  EFFECT  OF   PLUOBESCENT   SUBSTANCES 


263 


A  direct  proof  of  the  formation  of  free  iodine  from  erythroBin  under 
the  action  of  sunlight  was  tried  by  adding  starch  to  a  solution  of  ery- 
throsin  both  with  and  without  the  rennin.  The  results  however  were 
negative  aa  shown  in  table  14. 

Tliifl  probably  means  that  in  the  case  of  erythrosin,  the  harmful  dis- 
sociation product  formed,  under  the  action  of  sunlight,  is  not  the  free 
halogen  but  a  toxic  halogen  compound. 


..»^».o«™.o« 

„«H««K 

IPMtlNT 

s 

5 

6 
5  (dJBtilled  water) 
5  (diBtilled  waUr) 

0.001 
0.010 
0.100 
0.010 
0.100 

5 

5 
5 

No  evident  darkening 
No  evident  dnrkeninft 
No  evident  drrker^nr; 
No  evident  darkeninR 
No  evident  darkening 

CONCLUSION 

These  results  seem  to  show  that  the  inhibition  of  rennin  by  light 
is  due  to  the  formation  of  toxic  substances  as  the  result  of  photochemical 
action.  This  photochemical  action  may  or  may  not  be  accompanied  by 
fluturescence  and  fluorescence,  always  an  evidence  of  photochemical 
action,  may  or  may  not  be  accompanied  by  the  formation  of  toxic 
substances. 

In  the  cases  studied  here  the  toxic  effect  was  probably  due  to  the 
formation  of  free  halogens  or  toxic  halc^n  compounds  though  doubtless 
other  harmful  substances  are  found  in  different  photochemical  reac- 
tions. Although  the  formation  of  free  halogens  or  toxic  halogen  com- 
pounds accompanies  the  fluorescence  of  eosin  and  erythrosin,  it  is  not 
directly  associated  with  it,  as  shown  by  the  color  screen  experiments 
with  eosin.  The  change  A  <=£  B,  which  gives  rise  to  fluorescence,  isdue 
primarily  to  the  greenish-yellow  and  yellow  light  for  which  eosin  shows 
the  greatest  absorption.  The  change  which  results  in  the  formation  of 
free  halogens  is  apparently  a  subsequent  6  i=i  C  or  accompanying  A  4=iC 
effect  due  primarily  to  greenish-blue  and  blue  light  for  which  eosin 
shows  partial  absorption.  This  accounts  for  the  fact  that,  though 
strong  solutions  of  eosin  form  an  effective  screen  and  keep  the  exposed 
solution  from  being  inhibited,  a  weak  solution,  which  lets  through  some 
radiation  in  the  region  X  460^^  to  X  iW^fi,  will  allow  considerable  inhi- 
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bitioD  (see  color  screen  results  and  Huber).  In  the  absence  of  some 
substance,  such  as  rennin,  to  take  up  C  there  is  probably  little  reaction 
B  i=i  C  or  A  ^  C  present,  and  the  chief  photochemical  change  taking 
place  is  A  *:?  B,  which  is  accompanied  by  fluorescence. 
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The  purpose  of  this  iuveatigation  is  to  determine  as  far  as  possible 
the  nature  of  the  effect  of  salt  solutions  on  the  chemical  sen^  of  the 
dung-woTm,  Allolobophora  foetida.  First  of  all  it  is  necessary  to  show 
whether  or  not  stimulation  by  some  salts  is  dependent  on  the  anions, 
since  investigations  so  far  have  been  in  favor  of  cations  only.  It  has 
been  found  that  in  the  case  of  four  salts  the  cations  were  respoi^ble 
for  stimulation;  the  order  of  their  efficiency  was  as  follows:  KC1< 
LiCl  <  Naa  <  NaCl  (Parker  and  Metcalf,  '06).  In  man,  however, 
the  sense  of  taste  as  regards  salt  solutions  is  found  to  be  dependent  upon 
cations  in  some  instances  and  upon  anions  in  others;  for  example,  with 
Nadl,  the  chlorine  ion  is  responsible  for  the  salty  taste,  while  with 
KCl,  the  action  of  the  cation  is  masked  by  the  potassium  ion,  which 
gives  a  bitterish  taste.  Therefore,  on  further  investigation  it  may  be 
possible  to  find  that  in  dung-worms  there  maybe  anions  that  are  efficient 
enough  to  mask  the  effect  of  the  cations. 

To  carry  out  these  tests  an  apparatus  consisting  of  a  small  circular 
glass-table  standing  in  a  dish  of  the  solution  to  be  used  in  the  test  was 
employed  (fig.  1).  The  top  of  the  table,  T,  was  9  cm.  in  diameter,  and 
was  coated  with  paraffin.  It  was  attached  firmly  to  a  stand,  S,  made  of 
a  small  Petri  dish  2.6  cm,  in  height,  3.5  cm.  in  diameter  and  filled  with 
paraffin.  This  stand  was  fixed  to  the  center  of  a  large  Petri  dish,  D, 
15  cm.  in  diameter  and  3.5  cm.  in  height.  The  paraffin  used  had  a 
melting  point  of  62''C.  and  was  tested  for  its  acidity  by  the  method 
devised  by  Haas  ('16)  for  the  determination  of  the  output  of  carbon 
dioxide  by  plants.  In  preparing  to  test  the  worms,  about  450  cc.  of 
the  liquid  to  be  used  was  poured  into  the  large  Petri  dish  till  its  level, 
L,  was  within  3  mm.  of  the  top  of  the  table.     A  wet  filter  paper  with  a 
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smooth  surface  was  then  placed  on  the  table  and  the  whole  apparattia 
was  put  in  a  tin  dish  containing  enough  water  to  rise  on  the  outside  of 
the  large  Petri  dish  about  2.5  cm.  The  temperature  of  the  ro(»n  and 
of  the  whole  apparatus  was  kept  approximately  constant  and  within 
one  d^ree  of  20''C.  The  worm  was  then  gently  placed  on  the  table  by 
means  of  a  chopstick  and  allowed  to  crawl  toward  the  edge  and  finaJIy 
to  enter  the  solution.  The  period  intervenii^  between  the  moment  the 
prostomium  of  the  worm  entered  the  solution  and  that  at  which  it  was 
withdrawn  was  recorded  by  a  stop-watch.  This  interval  is  called  the 
reaction-time  of  the  worm  to  the  solution.  After  the  worm  had  been 
once  placed  on  the  table,  it  was  not  touched  by  the  experimenter  till  an 
observation  had  been  made.  After  that  it  was  removed  from  the  table, 
rinsed  in  tapwater  and  kept  between  folds  of  wet  filter  paper  in  a  tumbler 
until  the  next  observation  was  to  be  made. 


D  a 


Fig.  1 .  Vertical  section  of  the  app&ratua  used  in  determining  the  worm's  re- 
BpoQses  to  various  fluids.  D,  large  Petri  dish;  L,  level  of  fluids;  S,  stand;  T, 
table  covered  with  paraffin. 

The  various  worms  were  found  to  differ  in  their  reaction-times  one 
from  another  to  such  an  extent  that  it  was  impossible  to  draw  directly 
any  safe  conclusions  as  to  the  relative  efficiency  of  the  different  salt 
solutions  without  some  method  of  standardization.  A  0.2  molecular 
solution  of  KCI  was  therefore  used  as  a  standard  solution,  the  reaction- 
time  from  it  being  regarded  as  10  seconds.  By  this  means  variations 
due  to  the  individual  differences  of  the  worms  were  largely  eliminated. 

To  prevent  the  sequence  in  which  the  worms  were  tested  and  the 
order  in  which  the  solutions  were  used  from  distorting  the  results,  the 
tests  were  made  in  the  order  of  the  numbers  in  the  following  scheme 
arranged  for  three  worms  and  three  solutions  with  an  interval  of  fif- 
teen minutes  between  observations  to  avoid  as  much  as  possible  the 
after  effect  of  the  previous  treatment  with  salt  solution. 
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WOU  DIUaKAIU-  BT 

"— "— 

so. 

™rf"°" 

1 

2 

3 

A 

17 

18 

16 

24 

22 

23 

f 

6 

4 

5 

B \ 

10 

27 

11 
26 

I 

26 

8 

9 

7 

C 

15 

13 

14 

19 

20 

21 

Areragea 

Averages 

Averagea 

In  obtaining  a  set  of  records  by  such  a  sch^ne  as  this,  twelve  worms 
of  equal  size  were  chosen,  three  to  be  used  in  each  of  four  sets,  whose 
averagea  were  calculated  separately.  If  the  averages  for  the  four  sets 
agreed  within  the  experimental  error,  they  were  averaged  together  and 
from  such  final  averages  curves  were  drawn. 

The  general  method  here  outlined  has  the  following  advantages  over 
methods  used  by  previous  experimenters.  First,  since  the  worm  always 
enters  the  solution  by  extending  the  anterior  end  of  its  body,  its  pros- 
tranium,  which  is  its  most  sensitive  part,  is  always  fully  exposed  to  the 
solution.  The  records  obtained  are,  therefore,  records  of  the  efifect 
of  the  salts  on  the  extended  prostomium.  Secondly,  this  method 
avoids  handling  the  worm  immediately  before  a  reaction-time  is  taken. 
Thirdly,  the  response  observed  represents  very  closely  a  true  reaction-  ' 
time,  since  there  are  no  mechanical  obstructions  for  the  worm  to  over- 
come as  with  the  fence-method  devised  by  Shohl  {'14), 

To  test  the  efficiency  of  the  anions,  six  potassium  salts  were  chosen ; 
namely,  the  nitrate,  chloride,  acetate,  sulphate,  tartrate  and  citrate. 
The  acetate,  tartrate  and  citrate  were  tested  for  their  alkalinity  by 
the  following  method.  The  standard  solutions  with  a  known  amount 
of  indicator,  phenolsulphonephthalein,  were  made  up  by  different  mix- 
tures of  buffer  solutions  to  represent  different  pH  values.  The  same 
amount  of  the  indicator  was  added  to  the  test  solution  and  the  color 
was  matched  with  the  standard  solutions.  In  this  way  it  was  possible 
to  determine  how  much  acid  to  add  in  order  to  bring  the  pH  value  to 
7.0.     The  amount  of  acetic,  tartaric  or  citric  acid  added  for  the  neu- 
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Fig.  2  Fig.  3 


Pig- 4 

Fig.  2.  Relative  efficiency  of  four  potaMiiun  saltti  as  stimuli  for  worms.  The 
relative  reaction -time  in  seconds  of  the  worms  to  the  solutions  is  applied  as  the 
ordinates  and  the  molar  concentrations  as  the  abscissae.  A'j  nitrate;  C,  chloride; 
A,  acetate;  S,  sulphate. 

Fig.  3.  Effect  of  potassium  tartrate.  Relstive  reaction-time  in  seconds  is 
applied  as  the  ordinates  and  the  molar  concentrations  as  abscissae. 

Fig.  4.  Effect  of  potassium  citrate.  The  relative  reaction-time  in  seconds  is 
plotted  as  the  ordinates  and  the  molar  concentrations  as  abecissae. 


.,Google 


NATUHB  OP  8BN80HT  STIMULATION  BY  SALTS  269 

traL'zatioD  was  not  enough  to  change  the  dissociation  percentage  of 
the  ealts  sufficiently  to  interfere  with  the  experiments.  Figures  2,  3 
and  4  show  the  efficiency  of  the  six  potassium  salts  tested.  The  rela- 
tive reaction-times  in  seconds  are  applied  as  ordinates  and  the  molar 
concentrations  as  abscissae.  At  the  concentration  that  brings  about 
a  relative  reaction-time  of  about  twenty  seconds,  the  worms  are  fairly 
indifferent  to  thesolutions,  so  that  the  relative  reaction-times  become  too 
inconstant  for  an  accurate  computation.  On  the  other  hand  at  the 
concentration  that  gives  the  relative  reaction-time  of  nine  seconds,  the 
reactions  become  so  rapid  that  it  is  difficult  to  record  them  without 
considerable  error.  For  this  reason,  in  drawing  comparisons  of  the  ef- 
ficiency of  six  salts  it  was  necessary  to  choose  concentrations  which 
brought  about  relative  reaction-timea  ranging  from  nine  to  sixteen 
seconds.  On  interpolating  eight  points  between  nine  and  sixteen 
seconds,  and  calculating  the  relative  number  of  potassium  ions  from  the 
dissociation  percentages  of  a  given  salt,  it  is  made  evident  that  in  case 
of  nitrate,  acetate,  chloride  and  sulphate  the  number  of  potassium  ions 
is  approximately  equal;  therefore  in  these  salts  t4ie  potassium  must  be 
responsible  for  the  stimulation.  However,  with  the  tartrate  and  the 
citrate,  the  amount  of  potassium  ions  is  in  all  probability  too  small  to 
attribute  the  effect  to  the  cations. 

The  nature  of  the  action  of  the  solutions  of  potweium  salts  as  de- 
pendent on  the  amount  of  the  reacting  substance  present  is  susceptible 
of  further  proof  as  seen  in  the  successive  exposures  of  the  worms  to  the 
pot-assium  salt  solutions,  sucrose  solutions  and  water  (both  tap  and 
distilled).  The  only  modification  of  the  method  described  in  the  earlier 
part  of  the  paper  consisted  in  using  for  these  tests  a  broader  and  deeper 
dish  to  hold  the  solution  and  a  higher  stand  to  carry  the  table.  These 
changes  prevented  the  worms  from  coming  in  contact  with  any  part 
of  the  dish  even  when  distilled  water  or  a  solution  of  sucrose  was  used, 
to  which  the  worms  react  more  or  less  indifferently.  In  making  the 
tests,  the  wsrms  were  allowed  to  dip  in  and  out  of  the  solution  in  suc- 
cession with  an  interval  of  less  than  ten  seconds;  the  reaction-times,  as 
in  previous  teats,  were  taken  with  a  stop-watch.  On  comparing  the 
reactions  thus  obtained  with  those  to  salt  solutions,  sucrose  solutions 
and  water,  two  types  may  be  distinguished.  One  type  is  characteristic 
of  those  concentrations  of  the  potassium  salts  that  bring  about  an  initial 
acceleration  in  the  reaction-time,  as  mdicated  for  0.1  molecular  potas- 
sium chloride  solution  in  table  1.  Here  it  will  be  seen  that  the  reac- 
tion-times are  at  first  long  and  become  successively  shorter  and  shorter. 
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Tlieee  two  types  are  easily  contrasted  if  the  rates  I  ^ — -. — 7^ —  1 
of  the  succesaive  reactions  are  plotted  in  sequence  (figs.  S  and  6).     The 


Fig.  5.  SucccBsive  reiictionH  of  worms  showing  initial  acceleration.  This  type 
of  re&ction  is  characteristic  of  the  atronRcr  can  cent  rati  one  of  potasaium  salts. 
Thiagrapb  is  drawn  from  the  first  Heriea  in  table  1  (O.I  molecular  potassium  chlor- 
ide).   The  rates  I  g--   .. JT^  1  *'"*'  plotted  as  ordinates,  and  the  sequence  of 

reactions  as  abscissae. 
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Fig.  6.  Successive  reactions  of  woims  showing  no  initial  acceleration.  This 
type  of  reaction  is  characteristic  of  the  weaker  coDcentrations  of  potasaium  salts, 
of  sucrose  solutions  and  of  water.    This  graph  is  drawn  from  the  fifth  series  in 

table  1  (water  WC).  The  rates  (  Reaction-time)  *™  P'""**'  "*  ordinates  and 
the  sequence  of  reactions  as  abscissae. 

first  type  is  illustrated  in  figure  5,  which  is  a  plotting  of  the  rates  of  the 
successive  reaction-times  in  the  first  series  of  table  1,  viz.,  0.1  molecular 
potassium  chloride.     The  reaction  is  at  first  slow  but  after  a  few  such 
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slow  reactions,  acceleration  takes  place  and  the  reactionB  become  very 
rapid.  An  equilibrium  is  then  established  for  a  number  of  successive 
reactions,  after  which  the  slow  rates  gradually  reappear.  The  second 
type  is  represented  in  figure  6,  a  plotting  of  the  rates  of  the  successive 
reaction-times  in  the  fifth  series  in  table  1,  distilled  water  at  20°C. 
This  type  is  illustrated  not  only  by  distilled  water  but  also  by  the  solu- 
tions of  sucrose  and  the  weaker  solutions  of  salts.  To  these  fluids  the 
worma  react  more  or  less  indifferently;  at  times  they  will  remain  in 
the  solution  for  a  considerable  period,  while  in  many  cases  they  will 
withdraw  from  the  liquid  in  less  than  three  seconds;  but  there  is  never 
a  definite  acceleration  in  the  reaction-time  such  as  is  seen  in  the  first 
type.  This  irregularity  in  the  reaction  may  be  interpreted  as  meaning 
that  these  non-aquatic  worms  are  being  exposed  to  liquids  of  minimum 
stimulatory  effect.  In  weaker  solutions  of  salt,  for  example  0.01  molecu- 
lar solution  of  potassium  chloride  (table  1),  the  worms  make  a  complete 
entrance  into-  the  solution  more  frequently  than  is  the  case  with  dis- 
tilled water. 

Although  in  some  series  the  ei^riments  were  carried  as  far  as  three 
hundred  reactions,  no  acceleration  took  place,  thus  proving  that  at  such 
A  concentration  the  amount  of  reacting  substance  is  insufficient  to 
bring  about  the  type  of  reaction  characteristic  of  the  stronger  con- 
centration of  the  salt  solutions  before  the  appearance  of  the  muscular 
fatigue  which  would  naturally  prevent  any  further  continuation  of  the 
experiment. 

Furthermore  the  above  experiments  with  sucrose  and  water  show 
that  osmotic  pressure  is  not  a  significant  factor  in  the  sensory  stimula- 
tion of  the  worms,  since  all  yielded  essentially  the  same  result.  Of 
much  more  importance  is  the  fact  that  the  solutions  just  mentioned 
show  a  marked  difference  in  relation  to  the  effect  on  the  worms  as 
compared  with  the  salt  solutions.  What,  then,  is  the  cause  of  such  a 
difference?  Is  the  acceleration  brought  about  by  the  direct  combina- 
tion of  the  receptive  protoplasm  with  the  salts  or  by  the  substance 
formed  as  a  result  of  muscular  activity?  To  test  this,  the  worms  were 
tried  out  under  different  temperatures.  At  40''C.  the  worms  reacted  to 
distilled  water  by  instant  withdrawal  as  if  it  were  a  very  strong  solu- 
tion of  salt,  for  example,  0.5  molecular  potassium  chloride.  A  temper- 
ature was  therefore  chosen  at  which  the  worms  did  not  react  instan- 
taneously but  at  which  their  muscular  activities  were  considerably 
greater  than  at  the  temperatures  in  which  the  former  experiments  were 
carried  out.    On  successive  exposure  of  the  worms  to  distilled  water 
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at  33'*C.  (table  I),  while  the  room  temperature  was  20°C.,  no  initial 
acceleration  in  the  reaction-time  took  place,  but  a  type  of  ruction  similar 
to  that  brought  about  by  the  distilled  water  and  sucrose  solutions  at 
20°C.  occurred.  This  indicates  that  the  acceleration  is  not  due  to  the 
products  of  muscular  activity  but  must  result  from  the  specific  action 
of  the  salt  on  the  protoplasm  of  the  sensory  cells. 

This  conclusion  is  further  supported  by  the  following  experimenta. 
When  a  wonn  that  had  been  stimulated  by  a  salt  solution  to  the  point 
at  which  its  reaction-time  was  shortest  was  transferred  to  a  dish  con- 
taining distilled  water  of  the  same  temperature  as  that  of  the  salt  solu- 
tion, its  reactions  were  no  longer  nearly  instantaneous,  but  were  like 
those  brought  about  by  distilled  water  under  ordinary  conditions  (table 
2,  wonn  A).  But  when  the  same  worm  was  again  transferred  to  the 
salt  solution  the  very  short  reactions  characteristic  of  the  action  of  the 
salt  was  at  once  resumed.  In  this  way  the  worm  was  transferred  back 
and  forth  several  times  with  the  same  result.  On  the  other  hand  when 
a  worm  (table  2,  worm  B)  was  first  exposed  to  distilled  water  for  about 
twenty-five  reactions  and  then  transferred  to  the  salt  solution,  the 
instantaneous  reaction  did  not  take  place  at  once  but  appeared  only 
after  the  worm  had  been  dipping  in  and  out  of  the  salt  solution  for 
about  twelve  reactions.  Thus  it  is  clearly  seen  that  the  acceleration  is 
brought  about  only  by  the  action  of  the  salt  at  proper  concentration 
and  not  by  distilled  water.  Furthermore,  the  reaction-time  once  ac- 
celerated by  the  action  of  the  salt  caiinot  persist  except  in  the  presence 
of  the  stimulating  medium;  when  the  salt  solution  is  replaced  by  dis- 
tilled water,  the  acceleration  of  the  reaction  at  once  disappears  and  is 
resumed  only  in  presence  of  the  salt  solution. 

When  the  same  method  of  procedure  was  applied  in  the  case  of  the 
weaker  solutions  of  salt,  for  example,  0.01  molecular  potassium  chlo- 
ride, into  which  the  worms,  as  has  already  been  mentioned,  make  com- 
plete entrance  much  more  frequently  than  into  distilled  water,  the  differ- 
ence in  the  reaction  between  such  concentrations  of  salt  and  distilled 
water  was  clearly  marked  (table  2,  worms  C  and  D), 

Thus  it  is  made  evident  by  the  above  experiments  that  sensory  stim- 
ulation by  potassium  salts  is  due  to  the  specific  action  <A  the  salt,  de- 
pendent essentially  on  the  amount  of  the  reacting  substance  present, 
and  furthermore  that  such  action  may  be  distinguished  from  that  of. 
distilled  water  and  sucrose  solution. 

The  writer  acknowledges  her  indebtedness  to  Dr.  G.  H.  Parker,  under 
whose  supervision  this  work  was  carried  out. 
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1.  A  new  method  for  the  detenninstion  of  the  effect  of  solutions  on 
worms  is  described. 

2.  On  comparing  the  efficiency  of  six  potassium  salts  on  the  sensory 
cells  of  the  dung-worm,  Allolobophora  foetida,  it  is  found  that  the  ef- 
fect of  the  nitrate,  chloride,  acetate  and  sulphate  is  dependent  on  the 
amount  of  cations  present,  while  in  case  of  tartrate  and  citrate  the 
amount  of  potassium  ions  is  too  small  in  all  probability  to  attribute 
the  effect  to  tke  cations.   - 

3.  On  successive  exposures  of  the  worms  to  the  potassium  mult  solu- 
tions of  stronger  concenttations  (for  example,  0.1  molecular  potassium 
chloride),  an  initial  acceleration  in  the  reaction-time  takes  place.  The 
reaction-times  are  at  first  long  and  become  shorter  and  shorter  until 
equilibrium  is  established,  after  which  the  reaction-time  becomes  long 
again. 

4.  On  successive  exposures  of  the  worms  to  tbe  weaker  concentra- 
tions of  potassium  salt  solutions  (for  example,  0.01  M.  potassium  chlo- 
ride), to  distilled  water  and  to  sucrose  solutions,  no  initial  acceleration 
in  the  reaction-times  takes  place. 

5.  When  the  worms  in  successive  series  are  exposed  to  the  distilled 
water  at  3d°C.,  while  the  room  temperature  is  at  20''C.,  no  acceleration 
in  the  reaction-time  takes  place,  though  the  muscular  activity  of  the 
worms  increases  considerably. 

6.  When  a  worm  that  has  been  stimulated  by  a  salt  solution  to  the 
point  at  which  its  reaction-time  is  shortest  is  transferred  to  a  dish  con- 
taining distilled  water  of  the  same  temperatm^  as  that  of  the  salt  solu- 
tion, its  reactions  are  no  longer  nearly  instantaneous,  but  are  like 
those  brought  about  by  distilled  water  under  ordinary  conditions.  But 
when  the  same  worm  is  ^ain  transferred  to  the  salt  solution  the  very 
short  reactions  characteristic  of  the  salt  are  at  once  resumed. 

7.  When  the  same  method  of  procedure  is  applied  in  case  of  weaker 
concentrations  of  salt  (for  example,  0.01  molecular  potassium  chloride), 
into  which  the  worms  enter  more  frequently  than  into  distilled  water, 
the  difference  between  the  reactions  in  the  salt  solution  and  the  distilled 
water  is  clearly  marked. 

8.  The  initial  acceleration  brought  about  on  successive  exposures  of 
dung-worms  to  salt  solutions  is  due  to  the  specific  action  of  the  salts 
on  the  sensory  cells. 
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THE  SECRETORY  PRESSURE  OF  THE  LIVER  WITH  SPECIAL 

REFERENCE  TO  THE  PRESENCE  OR  ABSENCE  OF  A 

GALL  BLADDER 

F.  C.  MANN  AND  J.  P.  FOSTER 
From  the  Mayo  Clinic,  Roehetter,  MinntMla 
Ret^ived  for  publication  September  14,  1918 

It  has  been  determined  that  all  of  the  extra  hepatic  ducte  dilate  after 
the  removal  of  the  gall  bladder  (l).  This  result  seems  to  be  due  to  inter- 
action of  the  pressure  exerted  by  the  liver  and  the  sphincter  at  the  duo- 
denal end  of  the  common  bile  duct.  It  seemed  desirable,  therefore,  to 
know  whether  the  secretoiy  pressure  varied  in  species  of  animals  with 
a  gall  badder  from  those  without  one.  Our  investigation  is  but  one  of 
several  studies  we  have  undertaken  in  reference  to  the  function  of  the 
gall  bladder. 

The  secretory  pressure  of  the  Uver  has  been  previously  studied  by 
several  investigators.  The  earlier  results  obtained  were  quite  variable. 
The  most  extensive  and  complete  work  on  the  subject  was  done  by 
Herring  and  Simpson  (2),  who  investigated  both  the  secretory  pressure 
of  the  liver  and  the  process  of  bile  absorption,  after  occlusion  of  the 
common  bile  duct.  Their  method  of  experimentation  consisted  in 
exposing  the  biliary  tract  with  the  animal  under  chloroform  anesthesia 
and,  after  clamping  the  cystic  duct,  placing  a  cannula  in  the  common 
bile  duct.  A  vertical  glass  tube,  having  an  internal  diameter  of  1  mm., 
was  attached  to  the  cannula.  The  lower  end  of  the  glass  tube  was  ad- 
justed so  that  the  zero  mark  was  at  the  level  of  the  hepatic  duct  at  the 
portal  fissure.  By  means  of  a  T-tube  interposed  between  the  cannula 
and  the  vertical  tube,  it  was  possible  to  record  the  rate  of  bile  flow  at 
zero  pressure.  Appropriate  precautions  were  taken  to  keep  the  ani- 
mal warm  and  in  good  condition.  Many  controls  were  taken  in  order 
to  obtain  trustworthy  data.  The  maximum  pressure  to  which  the 
bile  would  rise  in  the  tube  was  taken  as  a  measure  of  the  secretory 
pressure  expressed  in  millimeters  of  bile.  The  pressure  was  measured 
in  cats,  dogs,  rabbits,  guinea  pigs  and  monkeys.  Their  results  may  be 
briefly  tabulated  as  follows: 
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1.  The  average  of  18  cats  waa304.4inm.  bile;  maximum  pressure  375; 
minimum  pressure  211. 

2.  The  average  of  S  dogs  was  300.0  mm.  bile;  maximum  pressure  342 ; 
minimum  pressure  243. 

3.  The  average  of  6  rabbits  was  259.5  mm.  bile;  maximum  pressure 
306;  minimum  pressure  ISl. 

4.  The  pressure  in  two  guinea  pigs  was  122  and  154  mm.  bile,  re- 
spectively. 

5.  The  pressure  in  two  monkeys  was  220  and  321  mm.  bile,  respec- 
tively. 

The  secretory  pressure  of  the  hver  was  measured  also  in  cats  and 
do^  by  Mitchell  and  Stifel  (3).  They  found  the  average  pressure 
of  hver  secretion  in  cats  to  be  practically  the  same  as  that  obtained  by 
Herring  and  Simpson. 

We  measured  the  secretory  pressure  of  the  liver  in  anesthetized  and 
unanesthetized  animals,  and  since  we  wished  to  determine  whether 
there  was  any  relation  between  the  secretory  pressure  of  the  liver  and 
the  presence  or  absence  of  the  gall  bladder,  only  comparable  species 
were  used. 

The  aecretory  pressure  of  the  Hver  in  anesthetized  animals.  Our  method 
of  measuring  the  secretory  pressure  of  the  liver  in  anesthetized  animals 
differed  in  only  a  few  respects  from  that  used  by  Herring  and  Simpson. 
The  animals  which  had  been  fasted  for  about  twelve  hours  previously 
were  Ughtly  etherized,  and  a  cannula  was  inserted  into  the  common  bile 
duct  with  its  point  directed  toward  the  liver.  In  the  smaller  species 
the  insertion  of  the  cannula  was  often  quite  difficult.  An  upright  glass 
tube  with  an  internal  diameter  of  about  2  mm.  was  attached  to  this 
cannula  and  arranged  so  that  its  lower  end  was  roughly  in  the  plane 
passing  through  the  middle  of  the  liver.  Therefore  the  lower  end  oftthe 
tube  marked  practically  zero  pressure.  The  maximum  distance  that 
the  bile  rose  in  this  tube,  expressed  in  millimeters  of  bile,  was  taken  as  a 
measure  of  the  secretory  pressure  of  the  liver.  The  operative  work 
was  always  performed  with  as  little  trauma  as  possible  and  the  general 
condition  of  the  animals,  as  regards  temperature,  hght  anesthesia  etc., 
was  always  well  maintained.  In  some  experiments  the  cystic  duct  was 
left  patent  while  in  others  it  was  either  ligated  or  a  small  clamp  applied 
to'it, 

In  the  beginning  of  an  experiment  the  bile  usually  would  rise  quite 
rapidly  in  the  tube,  but  as  the  pressure  increased  the  flow  became  slower 
and  finally  stopped.    Quite  frequently,  after  reaching  a  maximum 
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ments  of  the  secretory  pressure  were  taken  in  unaneathetiaeddt^.  A 
small  metal  cannula  was  sutured  into  the  gall  bladder,  practically  elim- 
inating the  capacity  of  this  viscus,  aud  the  common  bile  duct  was 
doubly  ligated  and  sectioned.  After  the  animal  recovered  from  the 
operative  procedure,  the  secretory  pressure  was  measured  in  the  same 
manner  as  in  the  anesthetized  animal  and  it  was  found  to  remain  very 
constant  in  the  same  animal  from  day  to  day.  In  the  sleeping  dog  the 
pressure  usually  varied  between  320  and  345  mm.  Under  certain 
experimental  conditions  it  would  go  quite  high,  in  one  instance  going  as 
h^h  as  560  mm.  From  these  results  it  seems  that  the  secretory  pressure 
is  usually  higher  when  the  animal  is  not  under  an  anesthetic.  In  none 
of  our  own  experiments  nor  in  those  recorded  has  the  secretory  pressure 
of  the  anesthetized  dog  been  noted  to  be,  as  an  average,  quite  so  high 
as  In  piost  instances  in  which  it  was  measured  in  the  imanesthetized 
animal. 

CONCLUSIONS 

The  secretory  pressure  of  the  liver  was  found  to  vary  considerably  in 
the  various  species  of  animals.  The  reason  for  this  is  not  clear;there 
may  be  many  causes;  however,  the  pres^ice  or  absence  of  the  gall  blad- 
der does  not  seem  to  be  one  of  them.  The  secretory  pressure  of  the 
liver  appefo^  to  be  somewhat  greater  in  unanesthetized  ftnimiLlH  than  in 
those  under  an  anesthetic  but  since  the  data  obtained  on  anesthetized 
animals  were  only  comparative,  the  conclusion  that  the  presence  or 
absence  of  the  gall  bladder  bears  no  relation  to  the  secretorypressure  of 
the  liver  is  justified. 

BIBLIOGRAPHY 

(1)  JnoD  AND  Mann:  Surg.,  Gynec.  and  OUt.,  1917,  xxiv,  437. 

(2)  Eerrin<3  ANb  Simpson:  Proc.  Roy.  Soc,  London,  1907,  Ixxix,  517. 

(3)  MiTCHXLL  AND  Stifel:  Johns  Hopkins  Hoep.  Bull.,  1916,  xxvii,  78. 


.yGooglc 


ACIDOSIS  TESTING  OUTFITS 
Kidney  Functionation  Test 

Urea  Estimating  Reagent 

Blood  Collecting  Devices 

Bacterial  and  Biochemic  Therapeutic  Agents 


Catalog 

Illustrating  and  Describing 

the  Above  Sent  Upon  Request 


HYNSON,  WESTCOTT  AND  DUNNING 

BALTIMORE  MARYLAND 


.,Google 


Bacteriologic  Peptone 


PARKE,  DAVIS  *  CO. 


CHEMICALLY  ANALYZED 

cohtaims: 

TMiaNitngoi iio£  lew  tlunl4.0)t 

Hincxkl  matter not  moK  thui  8.&il 

Hototure not  taon  Qua  t.O)fr 


Used  in  bouillon  according  to  standard  methods. 


BACTERIOLOGICALLY  TESTED 

Bacteriologic  Peptcnie,  P.  D.  &  Co.,  is  the  one  American-made 
peptone  which  fulfills  the  varied  and  exacting  requirements  of  all 
bacteriologic  work. 

It  has  a  maximum  content  bf  the  proper  amino  acids,  or  protein 
"building  stones." 

It  has  the  proper  chemical  structure  for  the  production  of  diph- 
theria and  tetanus  toxins  of  highest  potency. 

Its  efficiency  has  been  established  under  practical  working  con- 
ditions by  many  of  the  best  known  scientists  in  North  America. 
This  work  included,  in  addition  to  the  routine  of  the  bacteriological 
laboratory,  such  specud  procedures  as  cultivation  of  spirochsetae; 
analysis  of  milk,  water  and  soil;  standardization  of  disinfectants, 
manufacture  of  serums  and  vaccines,  indol  production  tests,  and 
some  of  the  other  more  delicate  biologic  reactions. 

Bkctoriologic  PeptMW,  P.D.&  Cc,  is  readily  and  completely  solu- 
ble in  all  proportions,  furnishing  clear  bouillon  and  agar. 

Supplied  In  1-ponnd  botttca  and  A-  knd  Ifrponnd  cans, 

WRITE  FOR  LITERATURE  AND  QUOTATIONS. 

"~°*--"''~°--  Parke,  Davis  &  Co. 


D,y,l,.adb,tjOOglC 


II..     ^O      U.d  0-Li 


lt.llM,BtUHPgitOfl'MatBdttiuor<,Md.,iaidvll»Ht(i<Uankl.ltn.   AeMBttniiteMtfli— 
lapnniitodlH  luBntiMi  llDl,*«tgIOctob<rl,»lT.    AvthoriMd  «D  Julr  t.  Ml. 


Tek  Amsucan  Jodbnal  of  Ps^iOLoaT  ia  iwued  monthlr  by  tti«  Americao  Phyaiologi- 
c&I  Society  under  the  direction  of  the  Ck>uncil  of  the  Society.  From  two  to  three  Tolutnes 
OMb  o(  ftbout  ail  hundred  pagea  are  published  vearljr.  The  aubacription  price  per  volume 
in  iho  United  SUtea  and  Ganadn  ia  16.00;  in  otW  conntriei  fS.2S, 


Manuscript!*  aubinitted  foTpubliaation  may  be  sent  to  any  member  of  the  Council  or  to 
the  Managing  Editor,  Dr.  D.  ft.  Hooker,  Johna  Hopldiu  Medici  School,  Washington  and 
Monument  Streeta,  mltimora,  Md.  Tltey  sluiuid  be  packed  fiat,  carefully  protected  from 
injury  and  inaured. 


References  to  literature  cited  ahould  contain:  firat  the  name  of  the  author  or  authora; 
second  tlie  mime  «f  the  journal  or  book;  third  the  year;  fourth  the  volume  number  and  fifth 
the  page.  These  referencea  should  be  collected  on  a  separate  page  at  the  end  of  the  article 
with  corresponding  bracketed  numbers  in  the  text.  Foot  notes  are  to  be  avoided  whenever 
posaible. 

All  figures  for  iUufitration  should  be  submitted  in  such  form  aa  to  admit  of  photographic 
reproduction  without  retouching  or  redrawing.  Marginal  letters  to  figures  cannot  be  aet  in 
type  and  should,  therefore,  be  written  in  India  ink  and  regarded  as  a  part  of  the  figure.  When 
■Jtist'a  work  is  required  to  make  figures  suitable  for  reproduction  this  will  be  charged  tQ 
authors.  Valesa  specific  instructions  are  given  by  authors  the  printer  will  be  allowed  to  oae 
his  judgment  in  determining  the  amount  of  reduction  on  all  figures.  In  any  ease  the  platea 
should  never  exceed  the  dimensioua  of  the  printed  matter  of  the  Joubhal  page  unless  the 
author  is  prepared  to  pay  the  cost  of  an  insert  page. 

Tracings  on  smoked  paper  reproduce  well  if  the  white  lines  are  distinct  and  separate  and 
the  background  uniform  black.  Authors  may  safely  retouch  breaks  or  weak  apots  in  the 
white  lines  with  white  ink  and  fill  in  the  background  with  India  ink.  Curves  laid  on  coordi- 
nate paper  should  be  in  India  ink.  Background  lines  in  blue  will  not  reproduce;  red,  yellow 
and  green  will  reproduce  black.  Plotted  curves  and  drawings  vield  better  results  if  the  orig- 
inals are  large  enough  to  permit  of  considerable  reduction  in  tne  platea  used  for  illustration, 
but  authors  are  warned  to  make  due  allowance  for  this  in  the  breadth  of  lines  and  sise  of 
lettering.  Particular  letters  and  numbers  to  paste  on  tracings  and  figures  will  be  furaished 
upon  request  if  the  amount  of  reduction  to  be  used  is  stated. 


yGoogIc 


OEC   ao    iJia 


THE  AMERICAN 

Journal  of  Physiology 

VOL.  47  DECEMBER  1,  1918  No.  3 

CHEMICAL  STIMULATION  OF  THE  CEREBRAL  CORTEX 

S.  S.  MAXWELL 

From  the  Rudolph  Spreckels  Pkysiologieal  LabOTotory  of  the  Vnivcrailij  of  California 

Received  for  publication  September  19,  1918 

Some  years  ago  I  pointed  out  that  a  broad  distinction  may  be  drawn 
between  two  classes  of  brain  stimulants.  The  one  class,  which  includes 
compounds  like  barium  chloride  and  the  calcium  pi-ecipitants  well 
known  to  stimulate  medullatod  nerves,  acts  only  on  the  white  matter 
(1).  These  substances  have  no  direct  stimulatinu  effect  on  the  gray 
matter  although  Sabbatani  (2)  and  others  have  shown  that  their  pres- 
ence may  increase  the  irritability  of  the  cortex  to  electrical  stimulation. 

The  other  class  of  chemical  stimulants  includes  such  substances  aa 
creatin,  strychnine  and  picrotoxin.  Landois  (3)  first  pointed  out  that 
creatin  and  creatinin  can  excite  the  motor  areas  when  applied  directly 
to  the  exposed  surface  of  the  cerebral  hemispheres.  Ba^lioni  and 
Magnini  (4)  showed  later  that  strychnine  used  in  the  same  way  is  a 
powerful  excitant.  On  the  other  hand  I  was  able  to  show  that  creatin 
acts  on  the  gray  matter  only,  since  it  has  no  effect  on  the  white  matter 
or  on  moduUated  nerve  (5).  The  action  of  strychnine  like  that  of 
creatin  is  confined  to  the  gray  matter. 

The  different  effects  of  these  two  classes  of  chemical  stimulants 
might  be  due  to  differences  in  permeability  of  the  tissues  or  to  differ- 
ences in  chemical  constitution  of  the  irritable  elements,  or  both  these 
factors  might  be  involved.  It  is  certainly  fair  to  assume  that  the 
permeability  of  nerve  cells  and  relatively  naked  dendrons  must  differ 
from  that  of  medullated  nerve.  On  the  other  hand  the  work  of  Mooi-e 
(6)  on  chemical  differentiation  in  the  nervous  system  indicates  that 
nerve  cells  themselves  differ  chemically,  In  proof  of  this  Moore 
apparently  has  used  only  substances  which  would  fall  into  my  second 
class. 
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Hince  the  contrast  between  these  two  classeB  of  compounds  in  their 
BtimtilatiDg  action  on  the  nervous  system  is  so  marked  I  was  interested 
to  discover  any  substance  which  could  act  in  both  ways.  The  remark- 
able fact  that  ammonium  chloride  does  not  stimulate  medullated  nerve 
while  its  substitution  product,  t«traethyl-ammonium  chloride,  was 
found  by  Loeb  and  Ewald  (7)  to  be  even  more  effective  than  sodium 
citrate,  led  me  to  try  the  latter  substance  on  the  cortex  of  the  motor 
areas.  I  found  indeed  that  tetraethyl-emmonium  chloride  is  a  more 
powerful  stimulant  of  gray  matter  than  creatin  though  less  powerful 
than  strychnine. 

All  my  experiments  were  performed  on  rabbits.  The  brtun  surface 
in  the  region  of  the  motor  areas  was  laid  bare  by  trephining,  the  dura 
was  carefully  removed  and  the  localization  verified  by  electrical  stimu- 
lation. A  small  crystal  or  a  small  quantity  of  the  powdered  tetraethyl- 
ammonium  chloride  was  then  applied  to  the  exposed  surface.  After  a 
latent  period  of  five  to  t^n  minutes  muscular  twitchings  began  in  the 
same  body  r^ons  which  had  responded  to  electrical  stimulation  of 
the  cortex.  The  contractions  gradually  increased  in  intensity  to  a 
maximum  which  was  usually  reached  iu  twenty  or  thirty  minutes. 
The  latent  period  was  noticeably  shorter  and  the  excitation  greater 
thui  when  creatin  was  used.  In  order  to  make  a  more  exact  compar- 
ison, symmetrically  situated  cortical  areas  were  exposed;  powdered 
creatin  was  applied  to  one  side  and  tetraethyl-ammonium  chloride  to 
the  other.  Without  any  exception  the  contractions  resulting  from  the 
action  of  the  tetraethyl-ammoniimi  chloride  preceded  by  several  min- 
utes those  caused  by  the  creatin  on  the  opposite  side. 

By  the  method  just  described  the  stimulating  effect  of  tetraethyl- 
ammonium  chloride  was  also  compared  with  that  of  strychnine.  In 
every  instance  a  1  per  cent  solution  of  strychnine  applied  to  the  cortex 
on  one  side  brought  about  the  characteristic  twitchings  and  convulsive 
contractions  more  promptly  than  the  concentrated  solution  of  tetraethyl- 
ammonium  chloride  apphed  to  the  other  side.  In  a  few  experiment-s 
comparisons  were  made  between  tetraethyl-ammonium  chloride  and 
sodium  citrate  or  sodium  oxalate.  In  none  of  these  was  there  any 
indication  that  the  citrate  or  oxalate  had  a  stimidating  effect. 

By  the  above  experiments  it  is  shown  that  tetraethyl-ammonium 
chloride  unlike  the  other  substances  which  stimulate  medullated  nerve 
is  also  a  stimulant  of  gray  matter,  I  hope  to  point  out  in  connection 
with  a  report  on  other  experiments  the  bearing  of  these  facts  on  theo- 
ries as  to  the  nature  of  chemical  stimulation. 
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The  discovery  by  Oliver  and  Schafer  that  adrenal  extract  causes  a 
rise  of  blood  pressure  was  made  by  administering  the  extract  intra- 
venously. The  blood-pressure  curve  which  follows  such  an  injection 
la  characteristic.  Practically  without  a  latent  period,  the  pressun 
curve  rises  and  reaches  its  maximum  height  in  a  very  short  time 
There  is  almost  no  plateau ;  the  descent  is  gradual ;  the  original  pressurt 
is  attained  in  about  five  to  seven  minutes.  Sometimes  the  pressun 
falls  for  a  short  period  below  the  original  level. 

We  studied  at  various  times  the  character  of  the  pressure  curv< 
which  follows  after  diverse  methods  of  administration  of  adrenalin 
Among  others,  we  studied  the  pressure  curve  which  follows  intra' 
spinal  injection  of  adrenalin  in  monkeys  under  the  generally  accept«c 
supposition  that  absorption  from  the  spinal  canal  is  a  slow  process 
The  results  were  quite  interesting.  In  most  instances  the  blood-pres 
sure  curve  was  characteristic;  the  latent  period  was  prolonged,  the  rist 
was  comparatively  slow,  the  maximum,  although  quite  high,  was  onlj 
attained  after  several  minutes  and  continued  plateau-like  for  a  fairb 
long  time;  the  descent  to  normal  was,  comparatively  speaking,  verj 
slow.  These  findings  were  embodied  in  a  brief  communication  befon 
the  Society  for  Experimental  Biology  and  Medicine  (1). 

About  simultaneously  with  our  report  there  appeared  a  brief  com 
munication  of  Dixon  and  Halliburton  on  the  rapidity  of  the  abaorp 
tion  of  drugs  into  the  eerebro-spinal  fluid  (2).     There  they  stated  tha 

A  amatl  dose  of  adrenalin  (1  cc.  of  I  in  10,000)  solution,  will  equally  rspitH; 
produce  a  typical  rise  of  arterial  blood  pressure,  in  fact  almost  as  hiKli  as  if  i 
were  injected  intravenously. 
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In  their  experimente  the  drug  was  introduced  tiirough  a  cannula 
inserted  into  the  Bubcerebellar  cistcma.  In  a  later  article  however, 
Dixon  and  HaUiburton  (3)  make  the  following  atat^nent: 

Since  the  publication  of  our  preliminarjr  not«,  Auer  utd  Meltier  have  made 
some  intraspinal  injections  of  adrenalin  which  they  expected  would  have  no 
stronger  action  on  blood  pressure  than  that  of  a  subcutaneous  injection.  They 
employed  monkeys  and  injected  large  doses;  the  arterial  pressure  rose  slowly 
and  reached  its  maximum  in  a  few  minutes  and  remained  high  for  a  considerable 
time.  The  injections  were  made  into  the  lumbar  region.  We  have  made  some 
injections  into  the  lumbar  region  but  there,  as  we  have  already  stated,  absorp- 
tion is  comparatively  alow  and  several  minutes  are  required  before  any  notice- 
able effect  is  observed. 

Thus  there  is  no  contradiction  between  our  observstione  and  the 
results  obtained  by  Dixon  and  Halliburton.  In  the  last  mentioned 
conmiunication  they  rather  confirmed  our  observations  that  when  the 
injection  of  adrenaUn  is  given  in  the  lumbar  r^on  the  absorption  is 
comparatively  slow,  and  several  minutes  are  required  before  any 
noticeable  efEect  is  observed. 

Dixon  and  Halliburton,  however,  fail  to  make  any  statement  regard- 
ing the  final  intensity  or  the  long  duration  of  the  effect.  These  authors 
were  apparently  interested  mostly  in  Uiat  part  of  our  communication 
which  aeems  to  contradict  their  statement,  namely,  that  the  absorption 
of  adrenalin  from  the  cerebro-epinal  fiuid  is  almost  as  rapid  as  if  it 
were  injected  intravenously  and  confined  themselves  to  the  explana- 
tion of  the  seeming  contradiction  by  the  fact  that  our  experiments 
were  made  by  injections  into  the  lumbar  region  while  they  made  their 
injections  into  the  subcerebellar  cistema.  They  were  not  interested 
in  the  details  of  the  effect  of  intralumbar  injections. 

To  us  it  seems  that  the  moat  interesting  part  of  our  observations 
consists  in  the  facts  that  the  msTrirniim  of  the  blood-pressure  rise  follow- 
ing an  intraspinal  injection  of  adrenalin  has  a  comparatively  long 
plateau  and  the  descent  of  the  curve  to  the  normal  level  is  very  slow; 
in  other  words,  that  the  blood-pressure  rise  following  an  intraspinal 
injection  of  adrenalin  is  as  a  rule  the  longest  ever  observed  after  a 
single  injection  of  adrenaUn.  This  fact  is  interesting  from  a  theoretical 
point  of  view;  but  it  may,  as  we  have  pointed  out  elsewhere  (4)  have 
an  important  practical  application.  We  intend  therefore  to  describe 
the  results  of  our  experiments  in  some  detail  and,  especially,  to  reiNX>- 
duce  a  most  striking  curve  to  illustrate'  the  effects  «f  an  intraspinal 
injection  of  adrenalin.    The  present  high  price  of  monkeys  prohibits 
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a  repetition  of  our  experiments  on  ei  large  scale,  but  through  the  court- 
esy of  Doctor  Flexner  we  were  enabled  some  time  ago  to  make  a  few 
observations  on  three  monkeys.  These  observatione  will  be  included 
in  the  following  general  statement. 

EXFERIUENTAL 

Except  in  monkeys  and  himian  beii^,  it  is  impossible  in  other 
animals  for  an  intraspinal  injection  in  the  Imnbar  r^on  to  enter  the 
subarachnoidean  space  of  the  canal  below  ttie  spinal  cord;  in  most 
cases  the  needle  enters  into  the  cord  itself  and  the  injection  is  made 
into  its  tissue.  In  monkeys  an  injection  below  the  spinal  cord  is 
frequently  possible  when  the  needle  is  inserted  between  the  third  and 
fourth  or  between  the  fourth  and  fifth  lumbar  vertebrae.  However, 
even  in  monkeys  the  injection  is  not  successful  in  every  caae.  We 
have  learned  in  the  experiments  with  adrenalin  as  well  as  in  our  exten- 
sive experience  with  magnesium  sulphate  that  when  the  escape  of 
spinal  fluid  through  the  needle  is  very  scant,  the  effect  of  an  injection 
is  frequently  poor  &nd  not  characteristic.  Furthermore,  on  account 
of  a  venous  plexus  on  the  ventral  surface  of  the  canal  and  the  minute- 
ness of  the  cavity  of  the  subarachnoidean  space  below  the  cord,  the 
hypodermic  needle  sometimes  enters  into  the  venous  plexus  and  the 
result  of  the  injection  is  either  that  of  a  mere  intravenous  injection  or, 
more  frequently,  of  a  mixture  of  an  intravenous  and  an  intraspinal 
injection;  in  the  latter  case  the  injected  quantity  is  too  small  to  produce 
a  characteristic  efiFect  of  an  intravenous  as  well  as  of  aii  intraspinal 
administration.  In  human  beings  the  condition  is  apparently  much 
more  favorable.  In  the  numerous  injections  of  adrenalin  made  intra- 
venously in  children  in  the  course  of  the  epidemic  of  poliomyelitis  (5) 
the  effect  of  adrenalin  upon  the  region  of  the  cervical  cord  was  unmis- 
takable whether  the  quantity  injected  amounted  only  to  1  cc.  or  to 
6  cc.  for  the  small  children  afflicted  with  the  disease. 

Our  experiments  with  the  lumbar  injection  of  adrenalin  were  made 
on  ten  small  monkeys  (macacus  rhesus).  The  injections  were  as  a 
rule  made  in  the  spaces  between  third  and  fourth  or  fourth  and  fifth 
liunbar  vertebrae-  In  a  few  instances  the  injection  was  given  in  the 
dorsal  region — with  an  effect  generally  characteristic  for  injections  in 
the  lumbar  region.  Each  animal  was  used  for  several  experiments 
after  interrtds  of  hours  or  several  days.  The  smallest  dose  employed 
was  0.5  cc.  and  the  largest  1.5  cc.  of  a  1: 1000  solution  of  adrenalin. 
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The  character  of  figure  1  reproduced  in  this  paper  is  typical  for 
moBt  of  our  results  although  we  have  to  state  that  it  represents  the 
most  striking  result  which  we  have  obtained  in  our  series  of  experi- 
ments. It  was  obtained  January  17,  1912,  from  a  second  injection 
of  1.5  cc.  adrenalin  into  the  lumbar  region  of  a  male  monkey;  no  spinal 
fluid  was  obtained  at  this  (second)  lumbar  puncture.  The  original 
blood  pressure  was  62  mm.  mercury.  There  was  no  initial  drop  of 
blood  pressure  following  the  injection,  and  the  rise  began  after  a  latent 
period  of  eight  seconds.  The  maximum  height  of  172  mm.  was  reached 
in  six  minutes.  The  maximum  level  presented  practically  a  plateau  of 
several  minutes  duration.  The  pressure  fell  exceedingly  slowly;  for 
one  hour  after  the  injection  the  l^ood  pressure  was  stUI  48  mm.  of 
mercury  above  the  original  level  (see  figs.  1  A,  1  B,  1  C  aqd  1  D). 

Figure  2  is  from  an  intravenous  injection  of  1  cc.  of  adrenalin  admin- 
istered to  a  male  monkey  (2260  grams)  November  8,  1917.  This  trac- 
ing is  reproduced  here  for.  the  purpose  of  emphasizing  the -contrast 
between  intraspinal  and  intravenous  injections  of  adrenahn.  In  this 
experiment  the  original  pressure  was  40  mm.  mercury.  There  was  no 
drop  or  obvious  latent  period  preceding  the  beginning  of  the  blood- 
pressure  rise;  in  eight  seconds  the  maximum  of  148  mm.  mercury  was 
reached;  there  was  no  plateau.  After  eight  minutes  the  blood  pressure 
was  again  47  mm.  mercury,  a  level  only  slightly  higher  thai)  the  orig- 
inal blood  pressure. 

Without  entering  upon  the  details  of  our  expenments,  we  may  make 
the  following  general  statement.  Wil^  negligible  exceptions,  we  may 
say  that  the  blood-pressure  elevation  brought  about  by  an  intraspinal 
injection  is  characterized  by  a  slow  rise,  by  a  "plateau-hke"  persever- 
ance of  the  maximum  rise,  by  a  comparatively  very  alow  fall  to  the 
normal  level  and,  in  general,  by  a  long  duration  of  the  pressor  effect 
when  compared  with  ah  intravenous  injection.  These  blood-pressure 
curves  vaiy  with  the  individual  animal  and  its  health;  with  the  pres- 
ence of  fluid  in  the  spinal  cavity  below  the  cord;  with  the  quantity  of 
adrenalin  injected  and  to  a  degree  also  with  the  number  of  injections 
of  adrenalin  administered  to  the  same  animal  and  the  length  of  the 
interval  between  the  injections,  and  especially  with  the  place  of  injec- 
tion, for  a  lumbar  injection  is  distinctly  more  effective  \han  a  thoracic 
one. 

In  some  instances  the  very  firet  effect  of  an  intraspinal  injection  was 
an  initial  drop  in  btood  pressure.  The  drop  was  usually  of  short 
duration  and  was  followed  practically  in  all  cases  by  a  characteristic 
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rise.  Id  one  case  after  a  lumbar  injection  of  1.5  cc.  the  drop  was  as 
great  as  52  mm.  mercury,  the  pressure  falling  from  116  to  64  mm., 
but  it  soon  began  to  rise  and  in  four  minutes  reached  a  height  of  162 
mm.  mercury.  In  one  animal  however,  after  an  injection  of  1  cc, 
(no  spinal  fluid)  the  blood  pressure  slowly  fell  10  mm.  with  no  subse- 
quent rise  of  pressure.  This  monkey  was  sick.  However,  after  a 
second  injection  of  1  cc.  adrenalin  into  the  same  monkey,  no  drop  of 
blood  presffljre  occurred  and  after  a  latent  interval  of  forty  seconds  the 
pressure  rose  in  eight  minutes  from  100  mm.  to  138  mm.;  this  rise 
lasted  twenty-two  minutes.  In  these  two  injections  the  puncture 
yielded  no  spinal  fluid.  Later,  in  the  same  animal,  after  an  injection 
of  1.5  cc.  adrenalin,  there  was  first  a  short  preliminary  rise  followed  by 
a  drop  to  86  mm.  mercury  lasting  twenty-four  seconds  and  then,  dur- 
ing two  minutes,  the  blood  pressure  rose  to  a  maximum  of  143  nun.; 
after  forty-seven  minutes  the  pressure  sank  again  to  84  mm.  In  this 
instance  the  puncture  had  ^own  the  presence  of  spinal  fluid.  In 
another  animal  an  injection  of  1  cc.  caused  a  drop  from  72  to  48  mm., 
that  is,  a  drop  in  blood  pressure  of  24  mm.  mercury  which  was  not 
followed  by  any  rise.  However,  twenty-eight  minutes  later,  after  a 
second  injection  of  1  cc.  there  was  neither  a  drop  of  blood  pressure  nor 
was  there  any  latent  period,  but  in  the  course  of  three  minutes  after  this 
injection  the  blood  pressure  rose  from  50  mm.  to  124  mm.  of  mercury. 
(Study  of  the  further  course  of  blood  pressure  in  this  experiment  was 
prevented  by  the  formation  of  arterial  clots.) 

The  preceding  results  were  observed  after  injections  into  the  lumbar 
region.  We  have,  however,  records  of  a  few  observatioDs  on  the 
effects  of  intraspinal  injections  when  the  site  of  application  was  the 
thoracic  region  of  the  cord.  In  one  instance,  after  an  injection  of  1.5 
cc.  of  adrenalin  into  the  fifth  thoracic  interspace,  there  was  no  initial 
drop  of  blood  pressure;  a  latent  period  of  thirty-six  seconds  elapsed 
before  the  rise  began  and  in  two  minutes  the  pressure  rose  from  54  mm. 
mercury  to  196  mm.;  after  twenty-four  minutes  the  pressure  was  still 
100  mm.  of  mercury.  In  another  animal  an  injection  of  I  cc.  of  adren- 
alin in  the  fifth  thoracic  vertebral  interspace  brought  an  initial  drop 
of  blood  pressure  of  25  mm.  which  lasted  two  minutes.  Then  in  the 
course  of  the  following  five  minutes  the  blood  pressure  rose  from  102 
mm.  to  a  maximum  of  170  mm.  and  after  fifteen  minutes  the  blood 
pressure  was  still  134  mm.  mercury.  In  general,  however,  the  rise  of 
blood  pressure  after  intrathoracic  injections  of  adrenalin  was  neither 
very  high  nor  of  striking  duration. 


yGoogIc 


J.   ADER  AND   B.   3.  UELTZER 


C0NCLUBI0N8 


Intraspinal  injections  of  1  cc.  or  1.5  cc.  of  adrenaUn  in  the  lumbar 
region  of  monkeyB  cauae  a  rise  of  blood  pressure  diatinctly  different  in 
character  from  the  curve  obtained  after  the  intravenouB  injection  of 
adrenalin.  The  curve  of  blood  pressure  following  an  intraspinal 
injection  is  generally  characterized  by  a  slow  rise  from  the  original 
level  to  the  maximimi  height;  by  a  plateau-tike  duration  of  the  maxi- 
mum; by  a  slow  fall  to  the  blood  pressure  which  prevailed  before  the 
injection  of  adrenalin.  It  may  be  stated  in  general  that  an  intra* 
lumbar  injection  of  adrenalin  in  monkeys  causes  a  much  more  lasting 
effect  upofi  the  rise  of  blood  pressure  than  an  intravenous  injection.  It 
may  perhaps  be  added  tiiat,  as  a  rule,  after  intr^pinal  injections  the 
pressure  at  the  end  of  the  pressor  effect  has  not  been  observed  to  fall 
below  the  original  level. 

The  question  discussed  in  this  paper  has  not  been  studied  in  human 
beings.  While  there  is  sufficient  experience  to  show  that  an  intra- 
lumbar  injection  of  adrenalin  in  human  beings  is  apparently  innocuous, 
the  effect  of  such  an  injection  upon  the  blood  pressure  has  not  been 
studied  properly.  When  we  consider,  as  we  atated  before,  that  in 
human  beings  an  intralumbar  injection  can  be  carried  out  with  greater 
safety  and  certainty  than  in  monkeys,  the  advisability  of  such  studies 
in  clinical  physiology  is  quite  evident. 
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In  previous  studies  on  the  stomach  (I),  small  intestine  (2)  and 
cecum  (3),  we  have  found  that  there  is  a  gradient  in  the  COi  output 
and  catalase  content  of  the  muscle  from  one  end  of  the  organ  to  the 
other.  We  came  to  the  conclusion  that  the  metabolic  gradient  thus 
discovered  underlies  and  probably  gives  rise  to  the  gradients  of  irri- 
tabiUty,  rhythmicity  and  latent  period  which  in  their  turn  probably 
determine  the  direction  of  peristalsis  in  the  tube.  In  this  paper  we 
wish  to  report  similar  studies  made  upon  the  colon.  It  should  be 
stated  here  for  the  benefit  of  those  who  may  not  have  read  the  previous 
papers  that  we  found  the  curves  of  catalase  content  and  COi  output  so 
nearly  parallel  that  we  feel  that  the  catalase  is  a  pretty  good  index  to 
the  metabolism  of  the  tissue.  When  confronted  at  first  by  the  great 
vftriKtiouB  in  the  figures  obtained  in  different  animals  of  the  same 
species  we  rather  despaired  of  being  able  to  use  what  seemed  to  be  so 
inaccurate  a  method.  The  remarkable  constancy,  however,  of  the 
gradation  in  any  obe  intestine  has  satisfied  us  that  these  determinations 
are  trustworthy. 

Technic.  The  method  used  has  already  been  described  (2).  Briefly, 
we  have  made  five  determinations  at  a  time,  using  a  shaking  machine. 
We  have  used  rats,  guinea  pigs,  rabbits,  cats  and  dogs.  These  ftnimala 
were  killed  by  a  blow  on  the  head  or  by  chloroform  and  bleeding.  The 
segmentswereremoved  immediately.  In  cats  and  dc^  the  muscle  could 
be  peeled  off  from  the  mucosa  but  in  the  smaller  animals  the  mucosa 
had  to  be  scraped  off.  In  aU  the  tables  the  figures  represent  cubic 
centimeters  of  oxygen  at  room  temperature  and  atmospheric  pressure, 
liberated  in  fifteen  minutes  from  30  cc.  of  1.5  per  cent  neutral  hydro- 
gen peroxid  by  0.3  gm.  of  finely  minced  muscle.  The  figures  1  to  5  on 
the  left  hand  side  represent  segments  taken  at  intervals  along  the  colon 
from  the  ileocecal  sphincter  to  the  anus. 
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Guinea  pig  colon 
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45.4 
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50.9 
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White 

rat  colon 
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37,3 
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21,1 
20,4 
14,7 

12,9 

Ileo-cecal  junction.  Some  observations  by  Alvarez  (4)  suggested 
that  the  ileocecal  region  in  rabbits  has  a  higher  rate  of  contraction 
than  that  of  the  ileum  a  little  above.  Keith  (5)  feels  that  this  is  an 
important  point  in  connection  with  his  discovery  of  what  seems  to  be 
a  band  of  nodal  .tissue  in  that  region.  Unfortunately  we  have  been 
unable  to  study  the  catalase  content  of  the  muscle  in  the  sacculus 
rotundus  of  the  rabbit  because  it  cannot  be  separated  from  the  mass  of 
lymphoid  tissue  at  that  point.  As  would  be  expected,  this  tissue  has  a 
high  catalase  content.  The  following  figures  from  the  rabbit  show  no 
definite  increase  of  catalase  in  the  segment  next  to  the  sacculus.  In 
the  cat  and  dog  where  pure  muscle  could  be  obtained,  there  was  noth- 
ing peculiar  about  the  catalase  content  of  the  terminal  ileum  and  ileo- 
cohc  sphincter. 


yGoogIc 


WALTEE  C.  ALVABEZ  AND  ESTHER  STAMWEATHEH 


<ui(in>MLa) 

DOS    (lI<n(I.B) 

ArauoB  or  two 
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COt  estimation.  Although  our  previous  work  has  made  us  feel  that 
we  can  accept  the  catalase  content  as  a  'fair  index  of  the  metabolic 
rate,  we  thought  it  best  at  the  same  time  to  make  a  few  estimates  of 
the  COi  production.  We  have  used  Haas'  method,  which  was  de- 
scribed fully  in  a  previous  paper  (2).  Briefly,  weighed  segments  of 
washed  gut  are  sealed  into  small  test  tubes  contaioing  warm  Locke's 
solution  to  which  a  little  phenolsulphonephthalein  ia  added.  The 
COt  formed  in  the  tissue  gradually  acidifies  and  decolorizes  the  solu- 
tion. After  this  decolorization  has  proceeded  sufficiently,  the  tubes 
are  graded  according  to  color,  the  palest  being  on  the  left.  In  the 
following  tables  the  figures  represent  parts  of  the  colon  from  cecum  to 
anus — 1  being  near  the  ileo-cecal  sphincter  and  5  near  the  anus.  Some- 
times two  or  three  tubes  were  so  nearly  of  the  same  color  that  they 
have  been  bracketed  together. 


Cat 


Rat 


1    2    4 


12    3    6    4 

2  4    6    3    1 

3  12    4    6 


2    13    4 
2    13    4 
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Fig.  1.  Average  gradient  of  catalase  conteot  of  the  colonic  muscle  in  various 
ttniinala.  The  ordinates  represent  catalaoe  values  expressed  in  cubic  centimeters 
of  oxygen  liberated;  the  abscissae  represent  the  five  segments  from  which  muscle 


In  some  inataDces  the  gradation  was  brought  out  by  titrating  the 
«3lution  back  to  its  original  color.  The  following  figures  repreeent 
the  average  number  of  drops  of  n/50  NaOH  required  for  the  different 
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Here  again  in  the  colon  we  find  gradients  of  catalase  content  and 
CO:  production  similar  to  those  in  the  stomach  and  small  intestine. 
When  the  catalase  averages  are  plotted  as  in  figure  1,  it  is  seen  that 
the  gradient  is  most  pronouiced  and  most  even  in  the  guinea  pig, 
rabbit  and  rat.  It  is  less  pronounced  in  the  d(%;  and  in  the  cat  the 
Aboral  third  is  actually  reversed.  The  individual  curves  in  a  nimiber 
of  cats  were  even  more  irregular,  as  can  be  seen  in  figure  2.  There  the 
only  fairly  constant  features  are  Uie  drop  from  the  cecum  to  segment 
2  and  the  rise  from  segment  4  to  segment  5.  Many  of  the  dogs  showed 
a  similar  type  of  curve  but  the  average  yielded  a  nearly  straight  line 
with  a  slight  gradient  downward  to  the  anus. 
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The  CO:  estimations  in  the  cat  and  rat  showed  gradations  corre- 
sponding fairly  well  to  those  observed  with  the  catalase  in  those  ani- 
mals. Attempts  to  show  a  gradation  in  rhythmicity  down  the  colon 
have  not  been  entirely  successful  on  account  of  the  irregular  character 
of  the  contractions  in  excised  segments.    In  the  rabbit,  however,  the 


Fig.  2.  To  show  the  variations  in  the  jtradient  of  catalase  content  in  the 
colons  of  individual  cats.  The  ordinatca  represent  catalase  values  and  the 
abscissae  segments  along  the  colon- 


average  rate  seemed  definitely  higher  in  the  upper  part  of  the  colon 
than  in  the  lower. 

Before  proceeding  to  a  discussion  of  the  possible  significance  of  these 
findinfTs  it  might  first  be  well  to  review  briefly  what  is  known  about 
colonic  peristalsis.  In  the  first  place  the  movements  are  more  sluggish 
than  those  of  the  small  bowel  and  the  nenro-muscular  apparatus  seems 
less  sensitive  to  stimuli.     Thus  one  of  us  found  it  almost  impi 
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to  get  any  records  of  the  colonic  contractions  in  a  woman  with  a  fistula 
into  the  descending  colon.  The  stimulus  of  blowing  up  Uie  balloon 
sometimes  gave  rise  to  one  or  two  contractions  but  after  that  even 
fdtemating  deflation  and  inflation  had  Uttle  or  no  effect.  Things 
were  very  different  in  several  men  with  jejimal  fistulae.  In  them  the 
bowel  was  constantly  contracting  and  pulling  upon  the  balloon. 

In  man  there  are  probably  only  a  few  large  propulsive  movements 
in  the  colon  during  the  day.  These  occur  usually  after  meals  and  often 
bring  about  a  desire  for  defecation.  The  colons  of  rabbits,  cats  and 
dogs  exposed  under  salt  solution  also  remain  quiet  for  long  periods  of 
time.  We  would  expect  then  to  find  that  the  colonic  neuro-muscular 
apparatus  is  different  from  that  in  the  onall  intestine  and  more  hke 
that  in  the  cecum  (3).  The  differences  that  we  have  found  in  the 
rhythmicity,  type  of  contraction  curve,  latent  period  and  reaction  to 
drugs  (6)  have  all  su^;e8ted  that  the  metabolism  is  more  sluggish  in 
the  colonic  wall  than  it  is  in  the  wall  of  the  small  bowel.  We  were 
not  surprised  therefore  to  find  the  catalase  content  and  the  CO]  output 
low  in  the  colon.  In  the  cat  and  dog  the  catalase  content  of  the  first 
colonic  segment  was  often  higher  than  that  of  the  last  ileal  segment 
but  the  rest  of  the  colon  showed  values  lower  than  the  lowest  in  the 
small  bowel.  The  COj  output  of  the  colon  was  generally  much  less 
than  that  of  the  lower  ileum.  A  slight  increase  in  metabolism  on  the 
lower  side  of  the  ileo-ceeal  sphincter  might  have  something  to  do  with 
the  physiological  stasis  in  the  terminal  ileum. 

The  striking  peculiarity  about  peristalsis  in  the  colon  is  that  it  is 
often  reversed,  particularly  in  the  proximal  half.  Cannon  (7)  observed 
tliis  first  in  the  cat  where  the  phenomenon  is  perhaps  most  marked. 
It  has  been  seen  in  the  dog,  rabbit,  rat,  guinea  pig,  hedgehog  and 
ferret  (8).  Retrograde  transport  of  material  in  the  human  colon  is 
commonly  seen  but  Uie  actual  reverse  waves  are  hard  to  demonstrate. 
Case  (9),  however,  reports  havii^  seen  them  in  37  out  of  1500  cases. 
As  was  to  be  expected,  they  were  most  pronounced  in  the  presence  of 
colonic  obstruction  or  with  spastic  constipation  accompanied  by  or 
due  to  an  increased  tone  at  the  lower  end  of  the  bowel. 

In  view  of  this  tendency  to  anastalsis  it  is  not  surprising  to  find  that 
the  gradient  in  the  colon  is  irregular  and  reversed  in  places.  In  the 
small  bowel,  where  katastalsis  is  the  rule,  the  gradient  was  steep  and 
even  in  all  the  animals.  It  is  somewhat  disappointing,  however,  to 
find  in  the  cat  the  steepest  and  most  constantly  downward  part  of  the 
catalase  gradient  on  the  right  side  near  the  cecum,  just  at  the  point 
where  the  reversed  waves  are  most  commonly  seen. 
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Another  interesting  thing  is  the  fact  that  in  the  herbivorous  guinea 
pig  and  rabbit  the  gradient  was  more  constant,  more  even  and  steeper 
than  in  the  carnivorous  cat  and  dog.  We  have  suggested  in  a  previous 
paper  that  it  may  be  that  the  herbivora,  with  their  rough  bulky  food 
must  maintain  a  better  gradient  in  their  digestive  tracts  than  is  needed 
by  the  camivora  with  their  more  concentrated,  easily  liquefied  food 
and  their  short  powerfully-muscled  intestines. 

Another  point  of  interest  is  the  rise  in  the  gradient  at  the  lower  end 
of  the  cat's  colon.  Similar  rises  were  observed  in  a  number  of  the  dogs. 
They  were  not  observed  in  the  rabbit,  guinea  pig  and  rat.  It  is  sugges- 
tive that  the  first  two  animals  defecate  at  comparatively  rare  intervals 
much  as  man  does-  They  can  thus  comport  themselves  properly  as 
pets  in  houses  and  th^  often  seem  to  be  quite  constipated.  The  other 
animals,  with  the  steep  gradient  down  to  the  anus,  defecate  at  short 
intervals,  apparently  as  often  as  feces  reach  the  rectum.  A  niunber  of 
writers  have  claimed  that  in  man  there  is  a  rise  of  tone  up  to  the  sig- 
moid or  rectum  (10),  and  one  of  us  suggested  several  years  ago  that 
an  increase  in  the  steepness  of  the  gradient  up  to  the  anus  might  be 
one  of  the  principal  factors  in  producing  constipation  (11).  So  far  we 
have  been  able  to  get  fresh  segments  from  but  one  human  colon.  The 
cadaver  was  that  of  a  man  who  died  from  a  wide-spread  terminal  infec- 
tion following  a  jejunostomy  for  an  inoperable  carcinoma  of  the  stom- 
ach.   The  figures  were  as  follows: 

Cecum  Colon  Rectum 


One  cannot  draw  many  conclusions  from  one  case  and  a  diseased  one 
at  that.  There  is,  however,  a  definite  downward  gradient  from  the 
ascending  colon  to  the  rectum  with  perhaps  a  slight  rise  up  to  the  anus. 
The  low  figure  for  the  cecum,  if  normal  for  man,  would  account  for  the 
retention  of  fecal  material  in  that  region. 

SUMMARY 

Previous  work  on  the  small  intestine  and  stomach  showed  gradients 
of  catalase  content  and  COi  production  which  the  writers  beheve 
underlie  and  give  rise  to  the  gradients  of  rhythmicity,  irritability  and 
latent  period  which  determine  the  direction  of  peristalsis. 
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Similar  gradients  are  now  shown  to  exist  in  the  colon.  The  gradient 
of  catalase  content  is  steeper  and  more  regular  in  the  herbivorous  rabbit 
and  guinea  pig  than  in  the  carnivorous  cat  and  dog.  The  omnivorous 
rat  has  a  fairly  even  gradient  which  is  steep  at  the  anal  end.  It  is 
suggested  that  the  herbivora  with  their  rough  bulky  food  and  their 
thin-walled  bowels  need  a  more  even  gradient  than  the  camivora  do. 

In  the  cat  and  dog  the  lower  end  of  the  gradient  is  often  reversed, 
that  is,  uphill  towards  the  reetuni  and  anus.  It  is  su^;ested  that  this 
reversal  saves  these  animals  from  frequent  calls  to  defecation.  The 
rabbit,  guinea  pig  and  rat  defecate  at  short  intervals,  probably  when- 
ever material  reaches  the  anus;  the  cat  and  dog  empty  their  bowels 
more  as  man  does  and  they  sometimes  are  constipated.  It  is  suggested 
that  constipation  may  be  due  to  an  accentuation  of-  the  reversed  gra- 
dient up  to  the  anus.  It  is  also  suggested  that  the  uneven  gradient  in 
the  colon  is  associated  with  the  well-known  reverse  peristalsis  in  that 
part  of  the  gut.  The  more  sluggish  metabolism  of  the  colonic  muscle 
as  compared  with  that  of  the  small  intestine  was  to  be  expected.  No 
peculiarity  could  be  observed  in  the  catalase  content'of  the  ileocecal 
sphincter. 

In  one  human  case  studied  the  gradient  was  quite  similar  to  that 
in  the  dog,  with  the  exception  that  the  cecal  figure  was  very  low. 
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Few  problems  in  all  physiology  have  been  attacked  more  persiBtently 
or  more  ingeniously  than  that  of  determining  the  blood  volmne  in 
mammals.  The  importance  of  such  information  from  a  theoretical  as 
well  as  a  practical  standpoint  has  always  been  obvious.  Although  a 
score  of  methods  have  been  described  either  for  directly  determining 
or  indirectly  calculating  blood  volume,  we  found  that  for  work  we 
wished  to  do  on  ^ock  none  completely  met  our  needs.  For  example, 
very  few  of  the  methods  allow  a  second  determination  to  be  made 
during  the  course  of  a  single  experiment.  The  final  estimation  of 
volume  has  usually  depended  on  color  compamonB,  blood  counts  or 
other  procedures  in  which  certain  errors  if  not  absolutely  necessary 
are,  at  least,  easily  made.  It  seemed  to  us  that  some  method  chemi- 
cally accurate,  gravimetric,  if  possible,  might  be  of  use  if  it  could  be 
devised. 

Complete  reviews  of  the  blood  volume  literature  may  be  found  in 
the  papers  of  Plesch  (1),  Behring  (2),  Dreyer  and  Hay  (3)  and  Keith, 
Rowntree  and  Geraghty  (4).  It  is  here  necessary  only  to  comment 
on  the  various  methods  that  have  been  employed. 

The  direct  method  of  determining  blood  volume,  that  of  bleedii^ 
and  washing  out  the  circulatory  system,  was  introduced  by  Welcker 
(5)  and  used  by  many  early  investigators.  With  modifications  it  has 
been  employed  in  recent  years  by  Dreyer  and  his  colleagues  (3),  (6), 
(7),  Boycott  (8),  Rasmuaaen  and  Raamussen  (9)  and  others.  Two 
possible  errors  have  usually  been  recognized  in  the  direct  methods, 
namely:  that  pigment  particularly  from  muscle  might  he  included  as 
hemoglobin  and  that  some  blood  might  not  be  washed  out  from  the 
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spleen,  bone  marrow  or  parts  of  the  portal  system.  The  final  calcula- 
tions must'  be  made  in  all  cases  by  comparing  the  washings  with  an 
original  sample  of  blood  in  regard  to  hemoglobin,  number  of  red  blood 
cells  or  content  of  solids.  Any  error  made  in  these  comparisons  of 
dilute  solutions  becomes  mf^nified  when  the  original  volume  is  cal- 
culated. Althoi^  these  criticisms  may  be  made,  the  direct  method 
as  used  by  Dreyer  and  Ray  is  probably  the  most  accurate  means  of 
determining  blood  volume  yet  devised.  It  is,  of  course,  limited  in 
application  since  the  life  of  the  animal  is  sacrificed. 

Indirect  methods  have  been  more  generally  used.  These  all  depend 
on  the  addition  of  some  substance  to  the  blood  stream  and  a  subse- 
quent determination  of  the  dilution  or  concentration  undergone  either 
by  the  blood  or  the  substance  itself.  Thus  Vierordt  (10),  who  seems 
first  to  have  used  such  9  technique,  bled  an  animal,  waited  until  he 
believed  the  tissue  juices  had  restored  the  lost  fluid  and  then  deter- 
mined the  dilution  of  the  red  blood  cells.  Assuming  that  the  blood 
received  from  the  tissues  an  amount  exactly  equal  to  the  volume  with- 
drawn before  any  erythrocytes  were  regenerated,  the  blood  volume 
could,  of  course,  be  estimated.  The  method,  however,  rested  on  two 
assumptions  and  the  exact  facts  regarding  these  are  not  even  yet  com- 
pletely known.  Much  the  same  comments  may  be  made  on  Vierordt's 
method  depending  on  ventricular  output  and  circulation  time: 

Valentin  (11)  computed  volume  from  determinations  of-soUds  before 
and  after  an  injection  of  a  measured  amount  of  water.  His  values 
were  too  high  since  either  salts  were  drawn  in  from  the  tissues  or  a 
portion  of  the  injected  water  left  the  blood  stream.  Malassez  (12) 
injected  serum  or  whole  blood  with  a  known  red  blood  cell  count  into 
an  animal  and  from  the  resulting  variation  in  the  number  of  red  cells 
made  his  computations.  This  technique  was  ingenious  but  hemolysis 
often  introduced  a  large  error.  Cohnstein  and  Zuntz  (13),  improving 
on  Valentin's  method,  diluted  the  circulation  with  isotonic  NaCl  of  a 
known  quantity  and  from  the  red  blood  cell  dilution  determined  the 
blood  volume.  Kottmann  (14)  followed  much  the  same  procedures 
but  determined  the  red  cells  by  means  of  the  hematocrit.  Oerura  (15) 
also  used  the  same  general  method  but  made  his  determinations  from 
comparisons  of  the  hemoglobin  content  of  the  diluted  blood  with  that 
of  the  original.  Changes  in  the  specific  gravity  of  the  blood,  brought 
about  by  injections  of  known  amounts  of  NaCl,  were  used  by  Sherring- 
ton and  Copeman  (16)  to  determine  blood  volume.  The  chief  diffi- 
culties of  all  these  methods  lie  not  only  in  the  technical  errors  incident 
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to  blood  counts,  hematocrit  and  hemoglobin  determinations  but  more 
especially  in  the  extreme  rapidity  with  which  injected  water  and  salt 
solutions  leave  the  blood  serum. 

Two  injection  methods  may  be  mentioned  which  differ  from  the  pre- 
ceding in  that  the  substances  injected  do  not  leave  the  blood  stream 
rapidly.  Behring  (2)  investigated  blood  volume  by  studying  the 
dilution  undergone  by  a  measured  amount  of  tetanus  antitoxin  when 
injected  into  the  blood.    This  method  he  recommended  chnically. 

A  method  of  excellent  promise  has  recently  been  described  by  Keith, 
Rowntree  and  Geraghty  (4).  It  consists  of  an  injection  of  a  known 
amount  of  the  dye,  vital  red,  and  a  determination  of  its  dilution  in  the 
blood.  The  dye  is  harmless  in  the  doses  employed  and  repeated  deter- 
minations may  be  made.  Although  of  great  service  clinically,  in 
animal  experiments  the  method  often  fails  on  account  of  slight  hem- 
olysis or  Upaemia.  In  addition  the  dye  cannot  now  be  generally 
obtained. 

Grehant  and  Quinaud  (17)  in  1883  introduced  the  CO  inhalation 
method  of  determining  blood  volume.  This  consisted  in  breathing  a 
known  amount  of  CO  and  then  determining  the  degree  of  saturation 
undergone  by  the  hemoglobin  of  the  blood.  The  CO  capacity  of  the 
blood  having  previously  been  determined,  the  total  volume  could 
easily  he  calculated.  Haldane  and  Smith  (18)  improved  the  method 
asd  later  it  was  still  further  refined  by  Zuntz  and  Plesch  (19)  and  Boy- 
cott and  Douglas  (20).  The  CO  inhalation  method  has  never  given 
very  constant  results  and,  although  it  has  been  of  some  value  clinically, 
it  can  scarcely  be  said  to  have  a  great  degree  of  accuracy. 

DETERMINATION  OP  BLOOD  VOLUME  WITH  ACACIA 

In  casting  about  for  some  inert  substance  that  could  be  injected 
into  the  circulation  and  then  recovered,  the  conditions  necessary  for  an 
indirect  blood  volume  determination,  the  attention  of  one  of  us,  Doctor 
Gasser,  was  directed  to  gum  acacia.  It  seemed  probable  that  this 
substance  even  in  large  doses  might  have  no  effect  on  any  vital  function 
and  that  it  might  be  recovered  from  the  blood  as  furfurol-phloroglucid 
by  the  method  of  Krober  (21).  On  experiment  we  found  that  both  of 
these  possibilities  were  true.  Acacia  may  be  injected  into  a  dog  intra- 
venously until  the  animal's  blood  becomes  a  7  per  cent  or  8  per  cent 
solution  without  obvious  changes  in  the  respiratory  or  nervous  systems, 
or  in  the  circulatory,  at  least  so  far  as  can  be  told  from  general  blood 
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pressure.  Under  a  local  anaesthetic  acacia  may  be  injected  info  an 
intact  animal  until  the  blood  is  a  4  per  cent  solution  without  the  general 
condition  of  the  animal  being  in  any  way  affected.  After  such  injec- 
tions acacia  may  be  recovered  as  phloroglucid  from  a  blood  sample. 

As  a  general  plan  for  our  method  we  proposed  the  following  pro- 
cedures: First,  to  determine  the  amount  of  acacia  that  could  be  re- 
covered after  adding  a  known  amount  to  a  10  cc.  sample  of  blood. 
This  we  shall  speak  of  as  the  "control."  Second,  to  inject  such  an 
amount  of  acacia  into  the  animal  that,  on  the  assumption  of  his  having 
a  certain  percentage  of  his  body  weight  as  blood,  each  10  cc.  of  his 
blood  would  have  exactly  the  same  amount  of  acacia  as  the  control. 
Third,  allow  ample  time  for  the  injected  acacia  to  mix  with  the  blood. 
Fourth,  after  time  for  mixing  draw  a  10  cc.  sample  of  blood  and  deter- 
mine its  acacia  content.  This  will  be  spoken  of  as  the  "blood  sample," 
The  assumed  blood  volume  in  percentage  of  body  weight  would  then 
be  to  the  true  blood  volume  in  percentage  of  body  weight  as  the  acacia 
content  of  the  blood  sample  is  to  the  acacia  content  of  the  control. 

Acacia  has  in  all  our  work  been  determined  as  furfurol-phloroglucid 
by  the  method  of  Krober  (21).  We  have  made  no  important  modifica- 
tion of  his  technique.  It  consists  in  distilling  the  acacia  or  blood  con- 
taining acacia  in  the  form  of  furfuraldehyde  from  HCl  solution  of 
specific  gravity  1.06.  To  this  distillate  is  added  1  per  cent  phloro- 
glucin  dissolved  in  HCl  of  specific  gravity  1.06.  The  distillate  should 
stand  24  hours  to  insure  a  complete  precipitation  of  the  phloroglucid. 
The  precipitate  is  then  caught  on  a  Gooch  crucible,  dried  four  hours  at 
lOO^C,  cooled  in  a  desiccator  and  weighed.  One  hundred  milligrams 
of  acacia  on  the  average  yield  about  26  mgm.  of  phloroglucid.  After 
passing  the  crucible  the  filtrate  is  greenish  in  color  showing  that  some 
of  the  phloroglucid  is  in  solution.  For  550  cc.  of  distillate  Krober  esti- 
mates this  amount  to  be  5.2  mgm.  For  the  control  and  blood  sample 
we  must  disregard  this  correction  since,  as  shown  later,  the  amount  of 
phlorc^ucid  recovered  from  these  samples  is  in  itself  a  constant  frac- 
tion of  the  total  amount  of  acacia  added.  To  be  sure  that  no  more 
furfurol  is  coming  over  we  have  often  let  a  drop  of  the  distillate  fall  on 
a  paper  moistened  with  aniline  acetate.  A  pink  ring  indicates  the 
presence  of  furfuraldehyde.  All  determinations  which  had  to  do  with 
establishing  the  method  were  done  in  duplicate.  The  method  is  in 
part  empirical  but  it  is  accurate  if  the  amount  of  phloroglucin  added 
for  precipitation  is  from  1.25  to  3  times  the  yield  in  phlorc^lueid.  We 
have  accordingly  added  from  5  to  10  cc.  to  our  distillates. 
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In  actual  experiments  we  have  found  it  most  convenient  to  use 
acacia  solutions  of  the  following  strengths.  For  our  control  we  have 
added  10  cc.  of  1  per  cent  acacia  to  10  cc.  of  freshly  drawn  blood.  The 
hydrochloric  acid  was  not  added  until  10  minutes  later.  As  an  injec- 
tion, we  have  generally  given  4  cc.  of  a  20  per  cent  acacia  solution  for 
each  kilo  of  body  weight.  The  acacia  for  injection  is  made  up  in  a 
0.9  per  cent  NaCl  solution.  In  some  of  our  earlier  experiments  the 
acacia  was  dissolved  in  water.  The  presence  or  absence  of  the  NaCl 
has  seemed  to  make  no  difference  in  the  determinations.  If  the  animal 
should  have  8.4  per  cent  of  his  body  weight  in  blood  then  the  amount 
injected  would  add  exactly  10  mgm.  of  acacia  to  each  cubic  centimeter 
of  his  blood,  an  amount  exactly  equal  to  what  has  been  added  to  the 
control.  In  all  calculations  the  specific  gravity  of  blood  has  been 
figured  as  1.050.  After  the  acacia  determinations  are  made  the  blood 
volume  may  be  calculated  from  the  following  proportions: 

Weight  of  phloroglucid  in  blood 

8.4  per  cent sample 

Blood  volume  in  per  cent  of      Weight  of  phloroglucid  in  control 
body  weight 

Or  if  the  total  volume  is  desired  at  once  in  cubic  centimeters  the 
proportion  may  be  stated  in  this  way: 

20  X  cc.  of  acacia  injected  _  Weight  of  phlort^Iucid  in  blood  sample 
Blood  volume  in  cc.  Weight  of  phloroglucid  in  control 

This  volinne  must  be  corrected  for  the  difference  between  the  amount 
of  blood  drawn  and  the  acacia  injected. 

In  a  number  of  experiments  we  determined  the  yield  of  the  acacia 
■  itself  in  phloroglucid.  From  this  we  knew  the  total  amount  injected. 
Dividing  this  amount  by  the  ^nount  recovered  in  the  blood  sample 
gave  us  another  means  of  determining  blood  volume.-  This  formula 
was  used  to  check  up  the  other  determinations. 

Conditions  which  the  method  must  aaiisfy.  There  are  certain  criticisms 
which  the  acacia  method  in  common  with  alt  other  indirect  methods  of 
determining  blood  pressure  must  meet.  The  most  important  of  these 
are: 

1.  Can  the  acacia  be  recovered  quantitatively  from  the  blood? 
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2.  Does  any  acacia  leave  tlie  blood  stream  during  the  period  allowed 
for  mixing? 

3.  In  the  same  period  does  the  injected  acacia  in  any  way  expand 
the  blood  volume? 

In  r^ard  to  the  recovery  of  acacia  from  blood  it  was  soon  found 
that  the  total  amount  added  could  not  be  regained.  To  illustrate,  if 
10  cc.  of  1  per  cent  was  found  to  yield  26  mgm.  of  phloroglucid,  the 
«ame  amount  in  blood  would  produce  only  about  21  mgm.  The 
amount  lost  varied  with  the  kind  of  blood  and  with  its  quantity. 
More  could  be  recovered  from  rabbits'  blood  than  from  dogs'.  The 
percentage  of  acacia  regained  from  varying  amounts  of  blood  may 
be  seen  from  the  following  figures  which  are  averages  from  a  number 
■of  experiments. 

10  cc.  of  1  per  cent  acacia  in  5  cc.  blood  yielded  90  per  cent  of  total 
10  cc.  of  1  per  cent  acacia  in  10  cc.  blood  yielded  S3  per  cent  of  tot&l 
10  cc.  of  1  per  cent  acacia  in  20  cc.  blood  yielded  76  per  cent  of  tot&l 

We  are  unable  to  say  with  any  certainty  what  becomes  of  this  acacia. 
It  is  quite  possible,  however,  that  some  of  the  aldehyde  formed  in  the 
distillation  may  combine  with  substances  in  the  blood  and  so  fail  to 
pass  over.  Pentoses  are  also  known  to  form  humin  compounds  with 
some  of  the  amino  acids. 

At  first  sight  it  would  seem  that  this  loss  of  acacia,  which  is  roughly 
proportional  to  the  quantity  of  blood,  would  render  our  method  impos- 
sible. To  estimate  the  loss  would  require  a  knowledge  of  the  blood 
volume,  the  very  thing  that  the  method  is  designed  to  discover.  In 
actual  practice,  however,  it  is  not  the  amount  of  blood  which  is  the 
variable  but  the  amount  of  acacia  which  a  given  quantity  of  blood 
receives  on  injection.  If  the  blood  volume  should  by  chance  be  exactly 
equal  to  our  assumed  S.4  per  cent,  then  each  10  cc.  of  blood  would 
receive  an  amount  exactly  equal  to  that  in  the  control.  Should  the 
blood  volume  be  either  twice  or  one-half  that  expected,  then  each  10 
■cc.  of  blood  would  receive  either  one-half  or  twice  that  in  the  control. 
These  figures  represent  the  widest  possible  limits  that  might  be  ex- 
pected for  variations  in  blood  volume.  The  important  question  would 
then  seem  to  be  whether  on  adding  such  amounts  of  acacia  to  10  cc. 
samples  of  blood  we  can  recover  all  or  any  constant  fraction  of  the 
total.  On  taking  10  cc.  quantities  of  blood  and  adding  acacia  to 
them  in  such  amounts  as  the  blood  would  receive  in  the  body  should  it 
vary  from  twice  to  one-half  normal,  the  following  data  were  secured. 
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Shoviing  Ike  amount  of  acacia  recovered  o 
in  varying  quantities  is  added 


phloToglucid  when  1  per  cent  acacia 
!o  10  cc.  samples  of  blood 


■XTBRUIMT 

»™^-^J,™ 

'0  -  -  ^  ™ 

SO  cc.  or  1  m 

M  cc.   OF  1  raa 

cm«T  iCiCI*  in 

ID  OC.  BLOOD 

10  cc,  BLOOO 

10  OC.  ■LOOD 

10  OC.    BLOOD 

mtm. 

mm. 

Mfm. 

»«•>.. 

1 

11.9 

24.0 

47.9 

2 

12-2 

24.6 

50.9 

3 

11.7 

23.1 

46.0 

79.0 

4 

10.1 

40.5 

5 

12.3 

25,3 

54.6 

6 

11.6 

24.7 

46.7 

7 

11.8 

23.2 

50.6 

78.0 

These  figures  show  clearly  that  ahnost  exactly  the  same  proportioo 
of  acacia  may  be  recovered  as  phloroglucid  from  10  cc.  of  blood  no 
matter  whether  5,  10  or  20  cc.  of  1  per  cent  acacia  have  been  added. 
Although  10  cc.  of  blood  combine  with  more  acacia  when  20  cc.  of  the 
1  per  cent  solution  are  added,  the  percentage  yield  remains  the  same 
for  all  three  concentrations.  The  actual  recovery  in  per  cent  may 
easily  be  determined  in  any  of  the  experiments  in  which  a  preliminary 
analysis  of  the  acacia  alone  was  made.  In  experiment  1,  5  cc.  of  the 
1  per  cent  acacia  were  analyzed  and  found  to  yield  16.8  mgm.  of  phloro- 
glucid,  including  here,  of  course,  the  correction  for  the  amount  left  in 
solution  in  the  filtrate.  The  amounts  recovered  from  5,  10  and  20  cc. 
in  blood  were  therefore  75.3  per  cent,  75.9  per  cent  and  75.7  per  cent. 
In  experiment  2,  5  cc.  of  1  per  cent  acacia  alone  yielded  15.55  mgm., 
the  recovery  for  the  three  samples  therefore  being  78.4  per  cent,  79.1 
per  cent  and  81,8  per  cent.  All  the  experiments  are  not  quite  so  satis- 
factory as  these  two  but  they  all  seem  sufflciently  well  in  agreement 
to  justify  our  contention  that  the  phlor(^lucid  recovered  from  our 
control  may  be  compared  with  that  from  the  blood  sample  to  deter- 
mine volume  even  though  the  acacia  in  the  two  may  vary  in  concen- 
tration. Most  of  the  variations  found  in  table  1  are  really  within  the 
limits  allowed  for  gravimetric  methods.  Variations  of  a  few  per  cent 
here  are  fortunately  almost  without  any  influence  on  the  final  deter- 
minations of  blood  volume.  In  experiment  2,  for  example,  there  is  a 
difference  of  3.4  per  cent  between  the  percentage  recovery  of  phloro- 
glucid  in  the  5  and  20  cc.  samples.  It  would  take  a  difference  of  about 
10  per  cent,  however,  to  make  0.5  per  cent  difference  in  the  final  deter- 
mination of  blood  volume. 
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It  cannot  be  denied  that  the  conclu^onB  just  reached  seem  incon- 
sistent with  the  evidence  already  submitted  that  with  increasing 
amounts  of  blood  we  get  decreasing  yields  of  acacia  as  phloroglucid.  ' 
This  would  seem  to  indicate  that  the  blood  contained  some  substance 
with  which  the  acacia  or  one  of  its  decomposition  products  united 
accordii^  to  the  general  law  of  chemical  proportions.  If  this  were  trae 
on  increasing  the  amount  of  acacia  added  to  10  cc.  samples  of  blood  we 
should  expect  to  get  a  steady  increase  in  the  amount  of  acacia  recovered 
as  phloroglucid.  On  the  contrary,  we  have  found  that  within  limits 
the  same  percentage  of  acacia  is  always  recovered  as  phloroglucid  from 
a  given  amount  of  blood.  There  is,  however,  a  possible  explanation 
for  such  a  contradiction.  As  the  concentration  of  the  acacia  in  the 
10  cc.  samples  increases  it  might  form  polymers  with  some  unknown 
constituent  of  the  blood  instead  of  combining  according  to  the  law  of 
chemical  proportions.  There  are  several  facts  that  indicate  such  a 
possibility.  Pentosans  are  known  to  polymerize  in  the  formation  of 
humin  compounds.  Furfurol  has  been  shown  to  combine  with  phloro- 
glucin  in  varying  proportions  according  to  the  concentrations  of  each.  ' 
There  must,  of  course,  some  time  be  an  end  to  the  power  of  polymeriz- 
ing and  we  should  accordingly  find  a  concentration  of  acacia  that 
would  give  more  than  the  expected  yield.  Twenty  cubic  centimeters 
of  1  per  cent  acacia  in  10  cc.  of  blood  is  probably  very  near  this  limit. 
The  yield  for  20  cc.  as  shown  by  table  1  is,  in  most  of  the  experiments, 
very  close  to  four  times  that  for  5  cc.  but  in  several  it  is  high  and  the 
average  is  somewhat  above  what  is  expected.  When  30  cc.  of  1  per 
cent  acacia  are  added  the  limit  in  which  we  recover  our  expected 
amount  is  definitely  passed  and  instead  of  the  yield  being  70.2  mgm. 
it  is  79  mgm.  Whatever  the  explanation  may  be  the  important  thing 
for  our  method  is  the  undoubted  fact  that  we  can  regain  exactly  the 
same  percentage  of  acacia  as  phloroglucid  from  a  10  cc.  blood  sample 
if  it  has  anywhere  from  5  to  20  cc.  of  I  per  cent  acacia  in  it.  These 
limits  represent  the  concentrations  found  in  blood  volume  determina- 
tions of  one-half  to  two  times  normal. 

The  second  condition  that  our  method  must  satisfy  is  that  no  acacia 
shall  be  lost  during  the  period  allowed  for  mixing  with  the  blood.  It 
is  of  course,  well  known  that  many  substances  begin  to  leave  the 
blood  stream  as  soon  as  injected.  Although  this  might  not  be  expected 
of  a  compound  having  as  large  a  molecule  as  acacia,  it  is  a  matter  that 
must  be  determined  as  carefully  as  possible. 

We  have  usually  allowed  ten  minutes  after  injection  for  the  acacia 
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to  mix  thoroughly  with  the  blood,  Thia  time  has  seemed  longer  than 
really  necessary  but  we  have  preferred  to  be  on  the  safe  side.  Keith, 
■  Rowntree  and  Geraghty  (4)  allowed  three  minutes  for  vital  red  to 
mix  with  the  blood.  Pleach  (1)  considered  three  to  four  minutes 
ample  for  mixing  after  injection  of  sodium  chloride.  Sherrington  and 
Copeman  (16)  found  mixing  complete  in  the  rabbit  after  as  short  a 
period  as  thirty  to  forty  seconds.  Acacia  in  a  20  per  cent  solution  is  a 
rather  viscous  fluid  and  could  not  be  expected  to  mix  as  quickly  as 
NaCl.  Granting  flfteen  seconds  as  the  circulation  .time,  ten  minutes 
would  allow  the  acacia  to  travel  through  the  body  forty  times,  cer- 
tainly opportunity  for  mingUng  completely  with  the  blood.  Our 
analyses  not  only  justify  such  a  conclusion  but  show  that  any  time 
after  five  minutes  the  mixii^  is  complete.  The  following  table  com- 
pares analyses  of  blood  samples  taken  five  and  ten  minutes  after  the 
injection  of  acacia  was  completed. 

TABLE  2 

Showing  the  amoimt»  of  acacia  recovered  as  pklaroglucid  from  aampUt  taken  at 
five  and  ten  minute  intervals  after  injection 


n,.«KCT..^P., 

„»«»^..X«L. 

m«»>. 

mtm. 

1    . 

20.0 

20.6 

2 

20.9 

20.8 

3 

23.5 

24.1 

4 

20.8 

20.0 

5 

17.5 

17.5 

6 

20.4 

18.6 

7 

17.6 

17.6 

8 

22.5 

22.9 

9 

19.4 

19.7 

With  the  exception  of  experiment  6,  for  which  we  have  no  explana- 
tion, these  analyses  show  a  very  close  agreement  between  the  five  and 
ten  minute  samples.  Three  important  points  are  made  clear  by  these 
data;  first,  that  the  acacia  does  mix  thoroughly  with  the  blood;  second, 
that  we  have  allowed  ample  time  for  mixing;  and  third,  that  during 
this  period  there  is  no  loss  of  acacia  from  the  blood  stream. 

Ultimately  the  acacia,  of  course,  disappears  from  the  blood.  We 
have  not  attempted  to  work  out  the  exact  curve  of  its  disappearance 
but  a  number  of  interesting  observations  have  been  made  which  maj' 
have  some  bearing  on  the  use  of  acacia  as  an  injection  fluid.     In  one 
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experiment  after  injection  we  found  the  following  amounts  present  in 
10  cc.  samples  at  various  times  up  to  five  hours. 

3  miDUtea 15.9 

12  minutes 15.8 

18  miiiuteB 15.1 

60  minutes 14.4 

5  hours 12.2 

In  this  case  the  decrease  at  the  end  of  the  first  hour  was  about  8.8  per 
c«it  and  this  increased  to  22.8  per  cent  at  the  end  of  five  hours.  In 
another  experiment  at  the  end  of  twenty-four  hoiu^  there  was  still 
present  50  per  cent  of  the  original  amount  injected.  In  two  experi- 
ments in  which  perfectly  normal  dogs  received  intravenous  injections 
of  acacia  in  lai^e  doses,  12  to  15  cc.  per  kilo  of  a  20  per  cent  solution, 
there  was  found  in  the  blood  forty-eight  hours  later  42  per  cent  in  one 
and  33  per  cent  in  the  other. 

The  third  criticism  which  our  method  has  to  meet  is  that  the  acacia 
must  not  of  itself  expand  the  blood  volume.  This  might  be  broi^t 
about  mechanically  by  the  injection  of  laige  quantities  or  by  the 
osmotic  properties  of  the  acacia.  The  first  of  these  is  easily  controlled. 
In  large  animals  where  the  amount  to  be  injected  exceeds  the  blood 
drawn  for  the  control  we  bleed  an  amount  equal  to  the  quantity  to  be 
injected.  It  is,  of  course,  well  known  that  after  hemorrhages  fluid  is 
drawn  in  from  the  tissues  to  restore  the  depleted  blood  and  that  this 
process  begins '  immediately.  Sherrington  and  Copeman  (16)  found 
after  drawing  32  cc.  of  blood  from  a  six-pound  rabbit  that  the  maxi- 
mum reduction  in  specific  gravity  was  not  reached  until  fifteen  to 
twenty-five  minutes  afterward.  From  this  it  does  not  seem  that  draw- 
ing an  amount  of  blood  equal  to  the  volume  injected  could  introduce 
an  appreciable  error  for  our  injection  begins  at  once  after  the  bleeding 
and  it  is  finished  usually  within  a  few  minutes.  In  small  animals  the 
amount  drawn  for  controls  may  be  greater  than  the  amount  of  acacia 
to  be  injected.  In  these  cases  it  is  often  convenient  to  inject  8  cc.  per 
kilo  of  10  per  cent  acacia  instead  of  4  cc.  per  kilo  of  20  per  cent. 

That  the  osmotic  pressure  of  the  acacia  has  not  influenced  the  blood 
volume  during  the  mixing  period  is  shown  by  the  data  in  table  2.  It 
is  evident  that  there  would  be  a  constant  decrease  in  the  amounts 
recovered  in  the  ten  minute  samples,  if  the  blood  volume  were  being 
expanded,  unless  the  total  expansion  took  place  within  the  first  five- 
minute    [)eriod.     Evidence    obtained    by    following    the    hemoglobin 
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shows,  however,  that  this  is  not  the  case.  This  conclusion  is  also 
borne  out  by  numerous  blood  counts.  At  the  end  of  the  mixing  [>eriod 
there  has  never  been  a  decrease  in  the  red  blood  count  that  was  not 
almost  entirely  accounted  for  by  the  direct  dilution  resulting  from  the 
injection.  In  some  cases  there  has  been  a  slight  increase  after  injec- 
tion, the  meaning  of  which  is  not  clear.  In  table  3  are  given  the  data 
covering  these  points. 

TABLE 


^'l^^lt^l^^r 

nriUATaD  oilution 

""'"SSF"" 

•"."S-cSU- 

ps-oiM 

l>«-«<U 

8,320,000 

10 

7,520,000 

Q 

8,640,000 

16 

8,800,000 

Increase 

4,650,000 

5 

4,792,000 

Increase 

4,368,000 

9 

4,032,000 

7 

5,800,000 

12 

5,008,000 

13 

7,040,000 

15 

6,236,000 

11 

8,440,000 

B 

7,600,000 

B 

6,683,000 

■     13 

5,405,000 

17 

6,700,000 

IB 

5,840,000 

12 

8,750,000 

4 

8,500,000 

3 

Even  after  the  mixing  period  no  further  dilution  appears  in  the 
blood  at  least  for  a  considerable  period  of  time.  Data  from  two  exper- 
iments covering  this  point  are  here  given. 

December  t.  Dog 

Blood  count  equals 6,016,000 

Acacia  injected 

Blood  count  equals 6.608,000 

Blood  count  equals 5,B20,000 

Blood  count  equale 5,536,000 

December  It.  Dog 

B.45  a.m.    Blood  count  equals 6,600,000 

10.00  a.m.    Acacia  injected 

10.37  a.in.    Blood  count  equals 6,400,000 

A  20  per  cent  solution  of  acacia  in  a  0.9  per  cent  NaCl  has,  however, 
an  osmotic  pressure  appreciably  higher  than  that  of  the  blood  serum 
and  it  would  seem  that  sooner  or  later  this  influence  would  exert  itself 
by  drawing  in  water  from  the  tissues.    In  certain  experiments  we  have 
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evidence  that  in  the  course  of  an  hour  or  two  thb  really  may  take 
place.  Our  injection  of  4  cc.  per  kilo  of  20  per  cent  acacia  converts 
the  plasma  of  a  dog  into  a  1.38  per  cent  adacia  solution  on  the  basis  of 
the  plasma  being  60  per  cent  of  the  blood  and  the  total  blood  volume 
being  about  9  per  cent  of  the  body  weight.  Two  things  would,  of 
course,  happen  to  the  plasma  in  this  case.  Its  osmotic  pressure  would 
be  lowered  by  the  dilution  undergone  on  adding  the  acacia,  but  this 
would  be  more  than  compensated  for  by  the  increase  due  to  the  higher 
osmotic  pressure  of  the  acacia.  The  dilution  would  be  about  1/13,5 
(7.4  per  cent)  of  the  plasma  volume.  This  would  lower  the  colloidal 
osmotic  pressure  of  the  plasma  about  2.70  mm.  Hg.  using  Bayliss' 
(22)  figures  for  the  osmotic  pressure  of  serum.  Bayliss  found  7  per 
cent  sodium  acacia  to  have  an  osmotic  pressure  of  39  mm.  Hg.  If 
calcium  acacia  is  the  same,  a  1.38  per  cent  solution  would  have  a  pres- 
sure of  7.7  mm.  Hg.  The  plasma  would  thus  have  its  colloidal  pres- 
sure lowered  2.70  mm.  and  raised  7.7  mm.  bringing  it  to  45  mm.  Hg. 
This  is  an  increase  of  12.5  per  cent  above  the  original.  We  might  then 
expect  a  plasma  dilution  of  about  the  same  percent^e  due  to  the 
inSow  of  tissue  juices.  But  the  plasma  is  only  about  60  per  cent  of 
the  total  blood  volume;  therefore  the  total  blood  volume  could  be 
expanded  only  about  7.5  per  cent.  It  should  be  recalled  at  this  point 
that  we  have  already  submitted  data  showing  that  at  the  end  of  an 
hour  something  like  9  to  10  per  cent  of  the  acacia  had  left  the  blood 
stream.  Data  for  only  one  experiment  have  been  given  but  the  results 
are  in  harmony  with  those  of  several  others.  This  decrease  in  acacia 
is  due  only  in  part  to  expansion  of  the  blood,  since  the  maximum  dilu- 
tion as  determined  by  the  hemoglobin  content  of  the  blood  has  never 
been  found  to  be  greater  than  7.5  per  cent,  an  amount  which  corre- 
sponds closely  to  the  calculated  theoretical  expansion.  Data  covering 
this  point  may  be  seen  in  the  following  table. 

It  will  be  noticed  from  table  4  that  the  maximum  expansion  occurs 
before  the  end  of  an  hour.  The  9  to  10  per  cent  decrease  in  the  acacia 
of  the  blood  stream  is,  therefore,  in  part  a  real  loss  and  additional 
evidence  of  this  fact  is  afforded  by  a  reaction  for  pentose  which  may  be 
obtained  from  the  urine  at  this  time.  From  the  foregoing  data  and 
discussion  it  is  evident  that  the  osmotic  properties  of  the  acacia  are 
not  a  seriously  disturbing  element  in  the  determination  of  blood  volume. 

Second  determinations  of  blood  volume  in  Ihe  same  animal.  To  be 
most  useful  a  blood  volume  method  should  be  capable  of  being  used  at 
frequent  intervals  on  the  same  animal.     The  acacia  method  may  be 
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V  volume  of  blood  at  delermined  b]/  tht  hemoglobin  eorUent  at  variovt 
period!  after  injection 
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used  at  least  twice  successfully  in  the  same  experiment.  For  the  sec- 
ond control  10  cc.  of  blood  are  drawn  and  to  it  are  added  5  cc.  of  the 
1  per  cent  acacia  solution.  An  injection  equal  to  one-half  the  first  is 
now  made,  the  usual  time  for  mixing  allowed  and  then  the  second 
blood  sample  drawn.  The  acacia  content  of  these  samples  as  phloro- 
glucid  is  then  determined.  In  order  to  make  use  of  these  data  the 
amount  of  acacia  remaining  in  the  blood  from  the  first  injection  must 
be  known.  This  is  easily  found  by  subtracting  one-half  of  the  first 
control  from  the  second.  If  this  difference  is  now  subtracted  from 
the  second  blood  sample,  the  equation  may  be  completed  as  follows: 

Pg.  in  second  blood  sample— 

8.4  per  cent (Fg.  in  second  control— j  first  control) 

i  First  control 


Blood  volume  in  per  cent  of 
body  weight 

Immediately  succeeding  determinations  will  be  found  to  correspond 
if  the  analyses  are  done  in  duplicate  and  the  duphcates  check  each 
other  closely.  The  necessity  of  perfection  in  technique  is  apparent 
when  one  considers  that  an  error  of  only  0.1  mgm.  may  change  the 
second  blood  volume  as  much  as  0.1  per  cent  of  body  weight.  This  is 
due  to  the  small  weights  compared  in  the  ratio  used  for  the  second 
determination.  In  table  5  are  given  the*  results  of  three  such  deter- 
minations. 

In  tables  6.  7,  8,  may  be  found  the  data  from  a  number  of  blood 
volume  determinations  on  dogs,  cats  and  rabbits.    We  have  made  no 
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particular  effort  to  compare  these  results  with  those  of  previous  work- 
era.    Pleach  found  the  average  blood  volume  in  nine  healthy  dc^  was 
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TABL£  I 
Blood  volume  of  dog*  in  ■percentage  of  body  Tgeighl 
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9.40 
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10.20 
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Averajte 

*Id  these  experimentB  12  cc.  per  kilo  of  7  per  cent  ai 
formulB  was  therefore  replaced  by  8.8. 


«  used;  8.4  of  the 


8.57  per  cent  of  body  weight  with  variations  from  7.42  per  cent  to 
10.46  per  cent.  For  rabbits,  Dreyer  and  Ray  give  the  blood  volume 
as  4.92  per  cent  of  body  weight  although  it  should  be  noted  that  they 
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do  not  believe  the  ratio  of  blood  volume  to  body  weight  is  a  constant 
in  normal  animals  of  any  given  species.  Our  results  are  therefore 
somewhat  higher  than  any  previously  reported. 


TABLE  7 

«  of  cats  in  percentage  of  bodii  wfigkl 
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Note:  7  per  cent  a 


6  used  in  the  last  experiment  of  the  table. 
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A  method  of  blood  volume  determination  by  means  of  an  acacia 
injection  has  been  reported.  The  method  depends  on  tin  injection  of  a 
known  amount  of  acacia  into  the  blood  stream  and  a  determination  of 
the  dilution  undergone  by  the  acacia  after  time  for  mixing  with  the 
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blood  has  been  allowed.  The  acacia  has  been  determined  as  furfurol- 
phloroglucid  by  the  method  of  Korber.  The  injection  of  4  cc.  of  20 
per  cent  acacia  per  kilo  has  been  shown  to  be  harmless  to  the  animal, 
neither  does  it  expand  the  blood  volume  during  the  time  necessary  for 
a  determination. 

By  this  method  the  average  blood  volume  of  the  dog  has  been  found 
to  average  9.72  per  cent  of  the  body  weight.  For  the  cat  and  rabbit 
the  percentages  are  5.50  and  5.44  respectively. 

The  authors  wish  to  thank  two  of  their  students,  Mr.  A,  E.  Cole 
and  Mr.  A.  R.  Langjahr,  for  help  in  making  analyses  and  performing 
experiments. 
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The  purpose  of  the  present  paper  is  a,  to  present  data  which  show 
that  the  carbon  dioxide  production  by  Paramecium  is  increased  very 
markedly  after  ingestion  of  food  such  as  yeast  or  egg  yolk,  thus  con- 
firming the  results  presented  in  the  previous  paper  on  the  relation 
of  state  of  nutrition  and  rate  of  oxygen  consumption;  and.b,  to  show 
that  this  marked  increase  in  respiration  is  not  necessarily  accompanied 
by  cell  division,  thus  being  closely  parallel  to  the  condition  found  by 
Others  in  the  egg  of  the  sea  urchin. 

For  detejmining  such  very  small  quantities  of  carbon  dioxide  as  are 
produced  by  1  or  2  cc.  of  a  suspension  of  Paramecium,  a  method  was 
employed,  the  description  of  which  has  been  given  elsewhere  together 
with  tests  of  its  accuracy  (1). 

The  conclusions  from  results  of  the  experiments  reported  below, 
using  this  method,  do  not  depend  for  their  validity  upon  the  question 
as  to  whether  the  method  is  capable  of  measuring  the  absolute  quantity 
of  carbon  dioxide  produced  by  the  organisms,  for  the  measurements  of 
the  carbon  dioxide  produced  by  the  fed  and  starved  Paramecia  are 
primarily  comparative,  which  is  all  that  is  required  for  establishing 
the  conclusions.  As  a  matter  of  fact,  the  results  very  probably  also 
represent  the  absolute  quantities  of  COj  produced  by  the  Paramecia 
during  the  periods  of  the  experiments,  within  limits  of  error  of  the 
method  when  such  small  amounts  of  carbon  dioxide  are  measured. 
When  the  method  is  properly  carried  out,  the  error  in  measuring 
amounts  of  carbon  dioxide  equal  to  that  liberated  from  1  mgm.  of 
NaaCOi  by  an  acid  is  about  equal  to  5  per  cent. 
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The  results  of  four  experimentB  are  given  in  the  following  four  tables. 
The  procedure  was  practically  the  same  in  all  of  them.  They  differed 
only  in  the  degree  of  starvation  before  the  experiments  were  begun  and  in 
the  number  of  Paramecia  tested  in  each  experiment.  The  description 
of  the  plan  and  prooedure  of  the  experiment,  table  1,  will  apply  to  all 
the  others  except  for  minor  differences  which  are  noted  in  the  descrip- 


TABLE  1 

Paramecia  were  starved  ii  hwtre  before  being  used.    The  protoplatm  t 


Figwet  refer  to  the  number  of  cubic  eentitnetCTB  n/IOO.S  HCl  neceitary  for 
ncufroltfoticm  of  the  fr,ee  Ba(OH)]  t'n  each  bottle.  Twenty  ctAic  centimetert 
Ba(OH]]  teere  added  to  each  bottle.  Duration  of  experiment,  IS  hours.  Tem- 
perature td'C. 
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Average  cc.  n/100.3  HCI  equivalent  of  COi  absorbed  from  air  Id 
bottle  and  2  cc.  "native  tap."    Difference  betweeo  columns  1     «■ 
and  3 1.16 

Average  cc.  n/100.3  HCl  equivalent  of  COt  produced  by  dead  yeast. 
Difference  between  averages,  columna  3  and  5 0.07 

Average  cc.  n/100.3  HCl  equivalent  of  COi  produced  by  atarved 
Paramecia.     Difference  between  averages,  columns  2  and  3 0.65 

Average  cc.  n/100.3  HCl  equivalent  of  COi  produced  by  fed  Para- 
mecia.   Difference  between  averages,  columns  4  and  5 1.3S 

tion  above  each  of  the  tables.  Paramecia  from  a  pure  line  were  trans- 
ferred gradually  from  native  hay  infusion  to  tap  water  and  starved 
for  various  periods  of  time.  This  suspension  was  concentrated  with 
the  centrifuge  just  before  the  beginoing  of  the  experiment.  The 
words  "native  tap"  in  columns  3  and  5  of  the  tables  mean  the  tap 
water  medium  into  which  the  Paramecia  had  finally  been  transferred 
after  washing.    Fresh  compressed  yeast  suspended  in  fifty  times  its 
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volume  of  distilled  water  was  killed  by  boiling  for  one  minute,  quickly 
cooled  and  then  washed  in  tap  water  by  means  of  the  centrifuge.  This 
suspension  of  yeast  was  used  as  food  for  the  animals.  The  figures  in 
table  1,  column  1,  are  the  number  of  cubic  centimeters  n/100.3  HCl 
which  were  necessary  for  neutralization  of  20  cc.  of  the  stock  solution 
of  Ba  (OH)j,  i.e.,  before  absorption  of  any  COj.  The  procedure  in  add- 
ing the  Ba(OH)t  solution  to  the  bottles  and  titration  has  been  given  in 
the  description  of  the  method. 

The  numbers  in  columns  2,  3,  4  and  5  give  the  number  of  cubic 
centimeters  n/100.3  HCl  necessary  to  neutralize  the  remaining  free 
base  after  absorption  of  all  COi  liberated  from  varidUs  sources,  as 
indicated  in  the  separate  columns,  during  the  period  of  the  experiment 
which  was  in  this  case  twenty-three  hours.  The  average  COj  pro- 
duced by  the  unfed  Paramecia  in  2  cc.  of  the  concentrated  Paramecium 
suspension  in  tap  water  during  twenty-three  hours  is  equal  to  the  dif- 
ference between  the  averages  in  columns  2  and  3.  The  average  in 
column  3  is  a  control  to  determine  how  much  free  Ba(0H)2  in  terms 
of  cubic  centimeters  n/100.3  HCl  remained  after  all  free  COj  from  the 
air  in  the  bottles  and  the  dissolved  CQ»  in  the  2  cc.  tap  water  medium 
in  which  the  Paramecia  lived  (designated  "native  tap"  in  the  tables), 
had  been  absorbed. 

The  bottles  in  column  2  were  set  up  exactly  like  those  in  column  3 
except  that  Paramecia  were  present.  It  is  therefore  obvious  that  the 
numbers  in  column  2  represent  the  amount  of  free  Ba(OH)i  in  terms 
of  cubic  centimeters  n/100.3  HCl  which  remained  after  all  the  free 
COi  present  in  the  air  in  the  bottle,  plus  that  amount  which  was  dis- 
solved in  the  2  cc.  tap  water  medium  introduced  with  the  Paramecia, 
plus  the  amount  of  COi  produced  by  the  Paramecia  in  2  cc.  of  the  stock 
suspension,  during  23  hours,  had  been  absorbed.  The  figures  in  col- 
umn 2  are  smaller  than  those  in  column  3,  thus  showing  that  more 
Ba(0H)2  had  been  neutralized  in  these  bottles  than  in  those  of  column 
3,  i.e.,  more  COj  had  been  absorbed  in  bottles  of  column  2  than  in 
those  in  column  3.  This  difference  in  cubic  centimeters  n/100,3  HCl  is_ 
therefore  equivalent  to  the  amount  of  CO*  produced  by  the  unfed 
Paramecia  in  2  cc.  of  the  Paramecium  suspension  during  23  hours. 
In  this  experiment  the  COj  produced  by  the  starved  animals  was 
equivalent  to  0.65  cc.  n/100.3  HCl. 

The  bottles  in  columns  4  and  5  are  exact  duplicates  respectively  of 
the  bottles  in  columns  2  and  3,  except  that  food  {three  drops  of  the 
suspension  of  yeast  cells  in  tap  water)  was  added.     The  figures  in 
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column  5  therefore  give  the  amount  of  free  Ba(OH)!  remaining  after 
all  COj  present  in  the  air  in  the  bottles,  pluB  the  COj  dissolved  in  the 
2  cc.  tap  water  medium,  plus  any  COi  produced  by  the  killed  yeast 
cells,  had  been  absorbed.  That  the  killed  yeast  did  not  produce  any 
COj  is  shown  by  the  fact  that  the  average  amount  of  Ba(OH)t  left  in 
the  bottles  in  columns  3  and  5  is  the  same  within  the  limits  of  errtir  in 
titration.  The  average  amount  of  COs  produced  by  the  fed  Paramecia, 
column  4,  is  therefore  equivalent  to  the  difference  between  20.15  cc. 
n/100,3  HCl,  column  5,  and  18.80  cc.  n/100.3  HCl,  column  4,  or  1.35 
cc.  n/100.3  HCl.  The  quantity  of  COs  produced  by  the  starved  Para- 
mecia was  therefore  only  one-half  as  much  as  that  produced  by  the 
same  number  of  fed  Paramecia  during  the  same  period,  all  other  con- 
ditions being  identical. 

Both  the  actual  amounts  of  COi  produced  by  the  Paramecia  in 
terms  of  cubic  centimeters  n/100.3  HCl — 0,65  cc.  and  1.35  cc.  respec- 
tively— and  the  difference  in  these  same  amounts,  or  0.70  cc,  are  sev- 
eral times  greater  than  any  errors  entering  into  the  titrations  or  other 
sources  of  error  in  any  part  of  the  experiment.  The  maximum  dif- 
ference between  any  two  of  the  duplicate  titrations  is  0,15  cc.  n/100.3' 
HCl.  Taking  averages  of  the  duplicate  tests  reduces  this  source  of 
error  to  one-half  or  one-third.  This  degree  of  uniformity  in  the  results 
completely  justifies  confidence  in  the  method  employed  and  confirms 
its  reliability  for  determining  such  small  amounts  of  COj  as  are  dealt 
with  in  these  experiments  on  Paramecium  and  as  was  shown  in  tests 
■  of  the  method  by  using  known  amounts  of  COi  in  the  form  of  Naj 
CO,  (1). 

Furthermore,  the  following  tables  sjiow  an  equal  degree  of  accuracy 
in  the  results.  The  number  of  Paramecia  in  each  2  cc.  of  suspension 
must  be  large  enough  so  as  to  produce  a  sufficient  amount  of  COj  for 
measurement.  The  smallest  quantity  of  CO]  which  can  be  measured 
to  within  about  5  per  cent  error,  is  roughly  equal  to  the  amount  of 
COi  set  free  from  I  m^m.  of  NejCOj  by  an  acid,  while  for  merely  detec- 
tion of  differences  this  amount  of  COj  may  be  as  small  as  the  amount 
of  COj  equivalent  to  0.1  to  0.2  cc.  n/100  HCl,  or  the  amount  of  COi 
set  free  from  about  0.05  to  0.1  mgm.  of  NajCOi  by  an  acid.  This 
assumes  of  course  that  the  technique  of  the  experimenter  in  carrying 
out  the  experiment  is  satisfactory  and  as  described.  Fortunately  in 
this  method  the  accuracy  of  procedure  is  indicated  by  the  degree  of 
uniformity  in  the  titrations  of  the  free  Ba(OH)s  in  the  various  dupli- 
cate bottles. 
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The  experiment  in  table  2  is  practically  a  repetition  of  the  one  Id 
table  1  except  that  a  different  suspension  of  Paramecia  was  used;  the 
duration  of  the  experiment  was  22  instead  of  23  hours  and  the  temper- 
ature was  24''C,  instead  of  26''C.  The  average  amounts  of  COj  pro- 
duced by  equal  numbers  of  Carved  and  fed  Paramecia  were  respec- 
tively equivalent  to  0.44  cc.  and  0.83  cc.  n/100.3  HCl,  hence  the 

TABLE  3 

Paramecia  ttaTved  iS  houra  in  tap  water  previovt  to  the  ezperintenl.  Proloplatm 
was  tranaparenl.  Tteenty  cubic  centimeters  Be(OH)i  were  added  to  each  bottU. 
Durofton  of  experiment.  M  hows.  Figwee  in  the  table  represent  the  numbtr 
of  cubic  cerUimelere  n/100.3  HCl  required  to  neutralize  the  free,  Ba(OH)i  tn  each 
bottle.     Temperalure  $i'-C. 


"™0^**      1                                                 nr«tBl.W.KDOFMBOUM 

Contral*.    NoyMtt*dd*d 

Ywtiddad 

■oma 

1 

s 

1 

* 

t 

BbDki 

J-tt^^*;^ 

Zeii."n»tWe 

2«.P.nn»oi> 

i  CO.  "utin 

1 
2 
3 

21,00 
20.95 
20,90 

19.60 
19.90 

19.60 

20-05 

19.98 

19.  IS 
19,12 
19.05 

10.90 
19.95 
19.95 

Average. 

20.95 

19.57 

20.01 

19.11 

19.94 

Average  cc.  d/100.3  HClequivalent  of  COt  absorbed  from  air  in  the 
bottle  and  2  cc.  "native  tap."    Difference  between  columns  1     "■ 
and  3 0. 94 

Average  cc.  n/100.3  HCl  equivaleot  of  COi  produced  by  dead  yewt. 
Difference  between  averages  in  columns  3  and  5 0.07 

Average  cc.  n/100,3  ECl  equivalent  of  C0|  produced  by  starved 
Parameciuin.    Difference  between  averages  in  columns  2  and  3...  0.44 

Average  cc.  n/100.3  HCl  equivalent  of  CO.  produced  by  fed  Para- 
mecium.   Difference  between  averages  in  columns  4  and  5 0.83 

Greatest  difference  in  any  duplicate  titration 0.10 

amount  of  COt  produced  by  the  Paramecia  fed  with  yeast  was  about 
twice  as  great  as  that  produced  by  the  same  number  of  starved  ones 
in  the  same  length  of  time. 

In  order  to  determine  whether  the  increased  COj  production  by 
fed  Paramecia  was  specifically  associated  with  and  a  result  of  cell 
division  as  such,  or  whether  it  was  a  result  of  ingestion,  digestion  tmd 
assunilation  of  the  food  by  the  cell  leading  to  growth  but  not  cell  divi- 
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•sion  08  such,  the  duration  of  the  experiment  was  shortened  to  8  and 
9  hours  8o  ae  to  determine  the  CO*  produced  by  the  starved  and  fed 
Paramecia  before  any  divisions  of  cells  had  taken  place. 

That  cell  division  does  hot  take  place  under  the  conditions  of  these 
experiments  waa  shown  in  the  previous  paper  on  the  relation  of  oxygen 
consumption  to  state  of  nutrition.  In  addition  to  the  reasons  given 
in  the  previous  paper  for  believing  that  no  cell  division  took  place 
within  eight  to  nine  hours  under  the  conditions  of  the  experiments,  it 
was  shown  by  direct  counts  of  the  number  of  Paramecia  that  the  fed  ones 
had  not  iricreaaed  in  number  during  this  period.  From  the  results  of  the 
experiment  in  table  4  (really  a  double  experiment,  using  yeast  and 
yolk  of  hen's  egg  as  food  in  two  parts  of  the  experiment)  it  is  seen  that 
the  amount  of  COt  produced  by  the  ycaat-fed  Paramecia  was  equiv- 
alent to  1.19  cc.  n/100.3  HCl,  while  that  of  the  starved  ones  was  equiv- 
alent to  0.35  cc.  n/100.3  HCl,  or  over  three  times  as  much  COj  was 
produced  by  the  yeast-fed  Paramecia  in  8  hours  as  by  the  same  number 
of  starved  ones.  Those  fed  with  yolk  produced  two  and  one-half 
*  times  HB  much  CO*  as  the  starved  ones.  In  other  words,  both  yolk 
and  boiled  yeast  give  the  same  result.  Counts  showed  that  no  in- 
crease in  the  number  of  Paramecia  during  the  8  hours  had  occurred, 
hence  it  is  clearly  proved  that  cell  division  as  such  is  not  responsible 
for  the  observed  increase  of  C0»  production  with  ingestion  of  food  by 
the  cell. 

The  results  of  the  experiment  in  table  3  are  similar  but  owing  to  the 
small  number  of  Paramecia  in  each  4  cc.  of  the  Paramecium  suspension 
used,  the  quantities  of  C0»  produced  by  the  Paramecia  are  too  small 
for  drawing  definite  conclusions.  The  table  is  added  to  show  the 
degree  of  uniformity  obtainable  and  to  indicate  the  minimal  quanti- 
ties of  COi  which  can  be  dealt  with  by  the  method. 

The  above  experiments  on  COj  production*  confirm  in  every  respect 
those  on  the  consumption  of  oxygen  by  fed  and  starving  Paramecia 
when  Winkler's  method  for  oxygen  determination  was  used,  and  will 
flcrve  as  a  secure  basis  for  interpretation  of  the  relations  of  oxidations 
to  other  cell  processes  in  Paramecium  (2).  It  is  interesting  to  note 
that  the  magnitude  of  the  increase  in  rate  of  oxidations  after  feeding 
a  starved  Paramecium  is  similar,  although  somewhat  greater,  than 
that  foimd  in  animals  such  as  the  cat,  dog  or  man  after  feeding  protein 
(3). 

Significance  of  acceleration  of  oxidations  in  the  fertilized  eckinoderm 
■egg,  in  ike  light  of  these  facts.     It  is  a  well-known  fact  that  the  rate  of 
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oxidations  in  the  e^g  of  the  sea  urchin  is  increased  several  fold  as  a 
result  of  fertilization,  and  Warburg  (4)  has  further  shown,  that  this 
increase  in  rate  of  oxidation  need  not  be  followed  by  cell  division  for 
when  eggs  were  placed  in  dilute  solutions  of  phenylurethane  after  fer- 
tilization, cell  division  was  inhibited  while  the  increase  in  the  rate  of 
oxidations  was  not  prevented.     However,  in  some  of  the  fertilized 


Paramecium  starved  4^  hours  in  tap  water.  Duralion  only  9  kourt  in  order  to 
eliminate  any  possible  effects  o/  cell  division  in  fed  lots.  The  total  number  of 
Paramecia  were  loo  few  to  five  any  marked  difference  in  COi  production  beliceen 
fed  and  starved  animah  in  spile  of  the  fact  that  i  cc.  of  the  Paramecium  suspen- 
sion were  used  imlead  of  t  cc.  as  in.  the  previoua  experiments.  Other  conditions 
same  as  in  titles  1  and  t. 


™««..T 

T.«™x,. 

™o,flH„™ 

CoDtnb.  J^oyeiutiulilcd 

V«ut 

■dd«d 

.OTTLE 

1 

! 

3 

* 

s 

BUokB 

!Sr^Si 

*  cr.  ■■nstiv. 

4  cc.  Pmnwcia 

4  cc.  "lutivB 

mecis.    Conlrol 

2 

3 

21.05 
21.05 

20.25 
20.25 

20.25 

20.30 
20,32 

20.08 
20.12 
20.15 

20.31 
30.26 
20.33 

Average 

21,05 

20.25 

20,29 

20.11 

20.30 

Average  number  cc,  n/100.3  HCl  equivalent  of  COi  absorbed  from 
air  in  bottle  and  4  cc.  "native  tap,"    Difference  between  col-    ' 
umnal  and  3 


.  O.T 


Average  number  cc.  n/100.3  HCl  equivalent  of  COi  produced  by 
dead  yeast.     DiiTerence  between  columns  3  and  5 0,01 

Average  number  cc.  nVlOO.S  HCl  equivalent  of  COj  produced  by 
starved  Paramecium.    Difference  between  column8-2  and  3 0,04 

Average  number  cc.    n/100.3  HCl  equivalent  of  COj  produced  by 

fed  Paramecium.     Difference  between  columns  4  and  5 0. 19 

Greatest  difference  in  duplicate  titrations 0.07 

eggs  treated  with  phenylurethane,  protoplasmic  movements  and 
nuclear  changes  occur  to  a  greater  or  less  extent,  and  under  certain 
conditions  monasters  are  formed  and  even  attempts  at  cell  division 
(5).  Hence  for  the  sea  urchin's  egg  the  question  is  not  quite  clear  as 
to  whether  increase  in  the  rate  of  oxidation  is  entirely  independent  of 
the  mitotic  process  in  one  form  or  other.     In  Paramecium  it  is  certain 
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that  cell  division  does  not  necessarily  accompany  the  marked  rise  in 
rate  of  oxidations  after  feeding.    If  the  same  degree  of  independence 

TABLE  » 
Paramecia  Iransferred  ilowly  to  pure  lap  irater  and  left  to  slarve  for  IS  hours.  Then 
conreatTaUd  to  30  ec.  Four  cubic  cenlimelers  of  this  suspension  v:ere  used  for 
each  test.  Counts  showed  that  in  each  i  ce.  there  were  from  t8,000  to  30,000 Para- 
mecia or  from  fifteen  to  twenty  times  Ike  number  present  in  each  i  cc.  of  the  sus- 
pension used  in  experiment,  iMe  S.  Fifteen  cubic  centimeters  Ba(OH)t  tvere 
added  to  each  bottle,  olherieise  procedure  teat  the  same  as  in  experiment,  table 
S.  A  test  tising  yolk  of  hen's  egg  aa  food  instead  of  yeast  is  given  in  columns  8 
and  7.  The  yolk  suspension  was  made  by  diluting  fresh  yolk  u^lh  twenty-fise 
volumes  of  distilled  water. 


'iro". 

r.r 

.o,8„oc 

a. 

Conimla.    NoyeM 

xldeH 

Youodded 

FiwhyolkorhBn'B 
eccuideJ 

BOTTLE 

1 

2 

3 

4 

i 

i 

7 

Bluilu 

+  3  dropi 

«p"  +  a 

d  njp«  tap 

tap"  +  3 
Control. 

/fr 

d^'S. 
NoPm- 

1 

2 
3 

15  85 

15.72 
15.71 

14.71 
14.63 

14.70 

15.00 

15.00 
15.08 

13.85 
13.80 
13.91 

15.15 

14.95 
15.02 

14.00 
1405 
14.20 

15.00 

16,05 
15.02 

15,76 

14.68 

15.03 

13.85 

15.04 

14.08 

15.02 

Average  Dumber  of  cc.  n/100.3  HCl  equivalent  of  COi  absorbed 
from  air  in  bottle  and  4  cc.  "native  tap."    Difference  between     **■ 
columns  1  and  3 0. 73 

AveraRe  number  cc.  n/100.3  HCl  equivalent  of  C0»  produced  by- 
dead  yeaat.     Difference  between  columns  3  and  5 0.01 

Averape  number  of  cc.  n/100.3  HCl  equivalent  of  COi  produced 
by  starved  Paramecia.     Difference  between  columns  2  and  3.. .  .^.  0.35 

Average  number  of  cc.  n/100.3  HCl  equivalent  of  CO)  produced  by 
Paramecia  fed  with  yeast.     Difference  between  columns  4  and  5 .  . .   1 .  19 

Average  number  of  cc.  n/100.3  HCl  equivalent  of  COi  produced  by 
Paramecia  fed  with  yolk.     Difference  between  columns  6  and  7. ,  0,04 
Greatest  difference  in  duplicate  titrations 0.20 

of  acceleration  of  oxidations  and  cell  division  occurs  in  the  sea  urchin 
egg  as  in  Paramecium,  then  the  means  by  which  the  sperm  or  other 
agent  increases  the  oxidations  in  the  egg  may  be  by  making  available 
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for  assimilation  and  growth  the  deutoplasmic  food  (yolk)  reserve  of  the 
cell,  just  as  ingestion  of  food  into  the  food  vacuole  of  Paramecium 
makes  possible  assimilation  and  growth  and  hence  doubling  or  trebling 
of  rate  of  oxidations.  That  the  causes  for  an  increase  in  rate  of  oxida- 
tions in  the  sea  urchin's  egg  after  fertilization  and  in  Paramecium 
after  feeding  are  the  same  seems  furthermore  entirely  probable,  for 
the  following  reasons.  It  has  been  definitely  shown  that  increase  in 
permeabihty  of  the  surface  protoplasm  of  the  egg  follows  fertiUzation, 
and  while  we  have  no  such  clear  evidence  as  to  changes  in  permeability 
in  the  internal  plasma  membranes  of  the  egg  (phase  boundaries  between 
different  components  of  protoplasm,  such  as  alveolar  membranes)  at 
the  time  of  cleavage,  yet  these  phase  boundaries  of  the  internal  parts 
of  the  cell  undoubtedly  undergo  similar  changes  in  permeabihty.  One 
of  the  fundamental  properties  of  protoplasm  is  its  development  of 
internal  surface.  If  we  are  able  to  apply,  as  seems  very  probable,  the 
facts  and  conceptions  of  permeability  derived  from  study  of  the  outer 
cell  surface  to  internal  cell  membranes,  such  as  walls  of  the  alveoli 
which  are  so  common  a  feature  of  cytoplasmic  structure,  then  we 
have  gone  a  long  way  toward  discovering  a  mechanism  which  will 
account  in  a  rational  way  for  many  well-known  but  isolated  facts. 
One  of  these  is  the  differential  distribution  of  substances  in  the  cell, 
such  as  pigments  and  different  solutes  in  different  vacuoles  of  the  same 
cell.  The  internal  plasma  membranes  and  phase  boundaries  evidently 
serve  as  the  means  of  separating  and  preventing  an  intermixing  of 
these  solutes.  Internal  plasma  membranes  because  of  their  peculiar 
permeability  properties  make  possible  cellular  differerUiation  of  the 
cell  aolvlion.  If  admixture  of  these  substances  (e.g.,  enzymes  and 
their  substrates)  are  made  possible  by  an  increase  in  permeability  of 
these  internal  plasma  membranes,  then  chemical  changes  are  initiated. 
In  this  way  it  is  easy  to  conceive  of  the  internal,  differentially  semi- 
permeable plasma  membrane  system  as  being  the  main  controlhng 
mechanism  for  at  least  certain  of  the  chemical  and  physical  processes 
in  the  cell.  From  this  viewpoint  it  is  readily  seen  that  the  yolk  or 
food  reserve  of  the  egg  (echinoderm)  may  not  differ  in  its  relation  to 
the  metabolism  of  the  e^  in  any  essential  respects  from  the  food 
reserve  and  ingested  food  of  Paramecium.  FertiUzation  in  the  egg 
involves  increase  in  permeability  of  the  limiting  plasma  membranes 
around  the  yolk  particles  in  the  cytoplasm,  which  leads  to  digestion, 
absorption  and  synthesis  of  living  protoplasm  and  hence  increase  in 
rate  of  oxidations  just  as  occurs  in  Paramecium.     In  Paramecium  and 
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still  better  known  for  Bursaria  (a  ciliate  Bimilar  to  Paramecium)  it  has 
been  definitely  shown  that  the  permeability  of  different  food  vacuole 
membranes  differe  and  further  that  the  same  plasma  membrane  differs 
in  its  degree  of  penneability  at  different  times  dming  the  process  of 
digestion  and  absorption  of  the  food  contents.  Furthermore  this 
permeability  is  in  this  case  to  some  extent  selective  (6).  If  the  plamna 
m^nbranes  of  the  food  vacuoles  of  Bursaria  possess  these  properties 
is  it  not  very  probable  that  similar  capacities  for  change  should  be 
present  in  the  internal  membranes  of  the  sea  urchin  egg  and  other  cells? 
The  results  from  the  study  of  Paramecium  in  this  and  the  previous 
paper,  together  with  the  above  interpretation  of  the  possible  r61e  of 
internal  plasma  membranes  in  the  echinodenn  egg  at  the  time  of 
fertilization,  place  the  phenomenon  of  the  marked  increase  in  oxidation 
in  Paramecium  after  feeding  and  the  similar  increase  in  rate  of  oxida- 
tion in  the  sea  urchin  egg  after  fertilization  on  the  same  basis'  and 
subject  to  the  same  interpretation,  thus  making  clear  the  significance 
of  the  several-fold  increase  in  rate  of  oxidations  of  the  sea  urchin's 
egg  after  fertilization. 

SUUMAHT 

1.  Feeding  a  starving  Parameciu&i  with  yeast  or  yolk  of  hen's  egg 
increases  the  rate  of  COj  production  from  two  to  three  times,  thus  con- 
firming the  previous  results  on  the  measurements  of  the  rates  of  oxygen 
consumption. 

2.  This  acceleration  of  t^e  oxidations  occurs  in  the  absence  of  cell 
division.  The  process  of  cell  division  as  such  in  all  probability  is  not 
associated  with  any  marked  change  in  the  rate  of  oxidations. 

■  3.  The  immediate  conditions  which  underlie  the  difference  in  rates 
of  oxidation  in  the  unfertilized  and  fertiUzed  sea  urchin's  egg  are  in  all 
probabihty  the  same  as  those  underlying  the  difference  in  rate  of 
oxidations  in  a  starving  and  well-nourished  Paramecium. 

4.  The  results  from  experiment  on  Paramecium  show  that  the 
method  can  be  used  for  determining  very  small  quantities  of  carbon 
dioxide  produced  by  unicellular  or  other  lower  organisms. 
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A  survey  of  the  results  of  recent  work  indicates  that  at  least  six 
different  aubatancea  arc  concerned  in  one  way  or  another  in  the  process 
of  blood  coagulation;  namely,  fibrint^en,  thrombin,  prothrombin, 
calcium,  antithrombin  and  the  so-called  zymoplastic  or  thromboplaatic 
Bubstancea  fumiahed  by  the  body  cells  in  general,  including  the  blood 
corpuscles.  With  regard  to  the  last  mentioned  factor  aatisfactory 
evidence  has  been  obtained  to  ahow  that  the  active  material  in  tissue 
extracts  is  a  phosphatid  (1)  (cephalin).  Work  that  has  been  going  on 
in  this  laboratory  during  the  past  two  or  three  years  shows  that  we 
must  add  two  other  substances  to  this  list  of  fibrin  factors.  So  far  as 
we  know,  neither  of  these  substances  has  been  recognized  by  other 
workers. 

The  two  new  factors  are:  First,  a  phosphatid,  not  previously  de- 
scribed, which  exists  in  various  tissues  but  is  found  in  greatest  abun- 
dance in  the  hver.  This  phosphatid  is  designated  as  heparin}  to  indi- 
cate its  origin  from  hver.  It  inhibits  coagulation,  partially  or  com- 
pletely according  to  the  concentration.  Second,  a  substance  present 
in  blood  plasma  and  blood  serum  which  is  converted  into  antithrombin 
by  a  reaction  with  heparin.  Just  as  in  plasma  and  serum  there  is  a 
mother  substance  from  which  thrombin  is  formed,  so  there  is  an  ante- 
cedent substance  from  which  antithrombin  is  formed.  By  analogy 
this  substance  is  designated  as  pro-antithrombin.  Prothrombin  is 
activated  to  thrombin  by  calcium,  the  pro-antithrombin  is  activated  to 
antithrombin  by  heparin. 

Preparation  of  heparin.  Attention  was  first  called  to  this  substance 
during  some  work  done  in  this  laboratory  by  Jay  McLean  (2).     In  the 

'  In  a  previous  publication — Harvey  Lecturea,  1916-17,  Seriea  lii — this  aub- 
staoce  was  described  under  the  name  of  Anliprothrombin. 
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course  of  hia  work  McLean  prepared  cuorinfrom  heart  muscle  by  the 
method  of  Erlandsen  (3)  and  attempted  to  prepare  heparphosphatid 
from  the  liver  by  the  method  of  Boskoff  (4),  The  cuorin  obtained  corre- 
sponded in  all  of  its  properties  and  in  its  N  to  P  ratio  with  the  mate- 
rial described  by  Erlandsen.  When  freed  from  contamination  with 
cephalin  the  cuorin  in  solution  in  sodium  chloride,  0.9  per  cent,  was 
found  to  have  an  inhibiting  action  on  clotting.  The  phosphatid 
obtained  from  the  liver  did  not  correspond  in  its  properties  or  in  its 
X  to  P  ratio  with  the  heparphosphatid  described  by  BaskofT.  When 
freed  from  mixture  with  cephalin,  a  result  moat  difficult  to  accomplish, 
this  substance  had  a  very  marked  inhibiting  effect  upon  coagulation 
of  blood,  its  action  in  this  respect  being  much  stronger  than  that  of 
cuorin.  We  have  varied  the  method  of  preparation  in  many  different 
ways  in  the  hope  of  devising  a  rapid  and  economical  process  for  the 
isolation  of  this  inhibiting  phosphatid.  The  method  finally  gelected, 
while  yielding  a  reliable  preparation  of  heparin,  is  time-consuming  and 
expensive  in  material.  The  main  obstacle  lies  in  the  fact  that  the 
solubilities  of  heparin  and  cephalin  are  so  similar  that  there  is  great 
difficulty  in  separating  them.  But  until  the  cephalin  or  cephalin-like 
material  ia  removed  the  properties  of  the  heparin,  so  far  as  coagulation 
is  concerned,  are  masked  or  antagonized.  The  method  of  preparation 
finally  adopted  is  as  follows: 

Presh  livers,  preferably  from  dogs,  are  perfused,  when  possible,  through  the 
portal  vein  with  a  solution  of  sodium  chloride,  0.9  per  cent.  They  are  then 
ground  to  a  pulp,  spread  thin  on  a  glass  plate  and  dried  in  a  current  of  hot  air. 
The  dried  material  is  pulverized  and  extracted  with  ether  in  the  proportion  of 
300  cc.  of  ether  to  each  100  grams  of  dried  liver.  The  extraction  may  be  made  in 
a  few  hours  with  a  shaking  machine  or  by  allowing  the  mixture  to  stand  for  24  to 
48  hours  with  an  occasional  shaking.  The  extract  is  then  filtered  and  refiltered 
in  a  closed  space  until  the  filtrate  is  free  from  turbidity.  The  dark  red  filtrate 
is  evaporated  to  dryness  before  an  electric  fan,  and  the  sticky  residue  is  treated 
with  water-free  ether  (Squibb's)  in  as  small  quantities  as  suffice  to  dissolve  it. 
There  is  always  in  this  extract  an  insoluble  residue  which  must  be  centrifugalized 
off.  The  clear  red  extract  is  then  pret;ipitated  by  acetone,  the  extract  being 
added  slowly  with  stirring  to  four  times  its  volume  of  acetone.  The  precipita- 
tion is  done  in  ceutrifugal  tubes  and  the  mixture  is  then  c en tritug allied.  The 
supernatant  liquid  is  drained  ofT  and  discarded.  The  residue  is  dried  in  a  cur- 
rent of  air  to  drive  off  the  adherent  acetone.  The  residue  is  again  dissolved  in 
water-free  ether,  using  as  little  ether  as  possible,  and  the  solution  is  centrifuga- 
lised  for  a  few  minutes  and  poured  olT  from  any  residue  that  may  be  obtained. 
The  ether  solution  is  then  added  slowly  with  stirring  to  four  times  its  volume  of 
absolute  alcohol  at  50°C.  The  mixture  is  kept  in  the  warm  bath  for  some  time 
until  the  precipitate  has  settled.    The  supernatant  liquid  is  decanted  as  far  as 
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poegibte  and  the  balance  is  poured  into  centrifugal  tubes  and  centrifugaliied 
while  warm.  The  Bupernatant  liquid  ia  poured  ofl  and  the  residue  is  dried  in  a 
current  of  warm  air  until  the  excess  of  alcohol  is  driven  off.  The  residue  is 
again  diBSolved  in  water-free  ether,  centrifugalized,  precipitated  at  SO'C.  by  four 
volumes  of  absolute  alcohol  and  so  on  as  described  above.  This  procedure  is 
repeated  until  the  precipitate  formed  by  the  absolute  alcohol  begins  to  lose  it« 
solubility  in  water^ree  ether.  This  change  in  solubility  of  the  alcohol  precip- 
itate takes  place  quite  suddenly  sometimes  after  twelve  to  twenty  precipita- 
tions, but  sometimes  more  gradually.  When,  after  at  least  two  hours  treatment 
with  ether,  the  residue  on  centrifugaliiation  is  suddenly  increased  in  amount, 
the  looked-for  change  is  taking  place.  Thereafter  each  such  residue  is  preserved. 
It  is  first  washed  with  fresh  ether  and  is  then  dissolved  in  water -free  chloroform 
(Squibb's).  The  chloroform  solution  of  the  material  is  given  two  Snal  precipi- 
tations. First,  it  is  precipitated  by  two  volumes  of  absolute  alcohol  at  60°C. 
This  precipitate  is  separat«d  by  centrifugaliiation  and  is  again  treated  with 
chloroform.  After  the  material  is  completely  dissolved  the  solution  is  precip- 
itated, this  time  at  room  temperature,  by  the  addition  of  an  equal  volume  of 
absolute  alcohol.  The  precipitate  is  centrifugalized  off  and  dried  in  a  current 
of  warm  air.  The  dark  residue  is  ground  in  a  mortar  to  a  chocolate  colored 
powder  and  kept  until  needed  in  a  desiccator.  This  material  should  be  com- 
pletely Soluble  in  water  giving,  according  to  concentration,  a  clear  brownish  or 
red  solution,  with  no  indication  of  opalescence.  Material  kept  now  for  two- 
yesra  ahows  no  deterioration  in  its  property  of  preventing  coagulation. 

Properties  of  heparin.  Aa  stated  above  the  material  is  soluble  in 
water  without  opalescence.  The  occurrence  of  opalescence  in  the 
solutions  is  an  indication  of  admixture  with  cephalin  and  if  much  of 
the  latter  is  present  the  inhibiting  effect  on  coagulation  is  lessened  or 
absent  altogether  in  freshly  made  preparations.  When  such  prepara- 
tions are  kept  for  some  weeks  or  months  it  will  be  found  that  the  in- 
hibiting action  of  their  solutions  is  greatly  improved.  The  explanation 
of  this  change  is  found  in  the  fact  that  cephalin  exposed  to  air  loses 
gradually  its  favoring  action  upon  coagulation  (5). 

The  mode  of  preparation  of  heparin  indicates  that  it  belongs  to  the 
.group  of  phosphatids^ — it  gives  reactions  for  nitrogen  and  phosphorus. 
Through  the  kindness  of  Doctor  Levene  of  the  Rockefeller  Institute 
analyses  for  N  and  F  were  made  in  two  samples.  As  these  samples 
were  made  a  year  apart  the  mode  of  preparation  was  slightly  different 
in  the  two  cases  but  both  preparations  gave  clear,  non-opalescent  solu- 
tions which  exhibited  a  very  marked  inhibiting  effect  upon  coagulation 
and  when  added  to  plasma  or  serum  caused  the  formation  of  anti- 
thrombin.    The  results  of  these  analyses  were  as  follows: 
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Preparation  I — March,  1917 

Nitrogen 5.01  per  cent 

Phosphorus 4.75  percent 

Ratio  of  nitrogen  to  phoaphorua 2.4  to  1 

Pre-paration  11— March,  IBIS 

Nitrogen 5.92  per  cent 

Phosphorus 4. 93  per  cent 

Ratio  of  nitrogen  to  phoaphorua 2.6  to  1 

The  preparations  had  therefore  a  fairly  constant  composition  in  nitro- 
gen 'and  phosphorus,  the  ratio  of  one  to  the  other  being  probably 
2.5  to  1. 

As  compared  with  the  phosphatids  that  have  been  obtained  from  the 
liver,  heparin  resembles  most  some  of  the  preparations  of  jecorin  that 
have  been  described.  For  his  preparations  of  jecorin,  Ba^ofF  gives  a 
meaD  value  of  the  N  to  P  ratio  of  2.38  to  1,  but  in  the  preparations  of 
other  workers  this  ratio  has  varted  from  1.8  to  1  (Drechsel)  to  6.08  to 
1  (Siegfried  and  Mark).  For  his  preparations  of  heparphosphatid, 
Baskoff  gives  the  N  to  P  ratio  as  approxuuately  1  to  1.5.  The  two 
characteristic  reactions  of  heparin  that  are  of  special  physiolc^cal 
interest  are  first,  that  it  retards  or  prevents  the  coa^pjlation  of  blood; 
and  second,  when  added  to  plasma  or  serum  it  causes  the  formation 
of  a  notable  amount  of  antitbrombin.  Both  reactions  have  been 
studied  as  carefully  as  possible. 

The  inhibiting  action  on  coagulation.  This  effect  may  be  demon- 
strated on  the  shed  blood  or  upon  the  circulating  blood  by  intravascular 
injections.  The  solutions  of  heparin  used  were  made  up  in  0.9  per  cent 
sodium  chloride  to  prevent  hemolysis  of  the  blood  corpuscles.  In  shed 
blood  it  was  found  that  in  mixtures  containing  0.1  per  cent  of  heparin 
the  coagulation  was  prevented  entirely.  In  more  dilute  solutions  the 
coagulation  was  delayed  in  proportion  to  the  concentration.  When 
injected  intravenously  kymographic  records  showed  that  there  was  no 
disturbance  of  heart  rate,  blood  pressure  or  respiratory  rhythm  and 
no  variation  in  rectal  temperature.  If  the  injection  of  heparin  is  made 
in  the  proportion  of  one  decigram  per  kilc^ram  of  body  we^ht,  blood 
drawn  within  a  few  minutes  after  the  injection  shows  no  spontaneous 
coagulation.  Later  the  effects  of  the  injected  heparin  wear  off  grad- 
ually so  that  in  three  or  four  hours  the  coagulation  time  of  the  blood 
has  returned  to  normal.  The  gradual  wearing  off  of  the  effect  of  the 
injected  heparin  was  shown  also  in  the  variations  of  the  prothrombin 
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time  (6)— that  is  to  say,  the  time  of  coagulatioD  of  the  oxalat«d  plasma, 
when  recalcified  with  the  optimum  amount  of  calcium  chloride.  Thus 
in  one  of  the  earUer  experiments  the  following  figures  were  obtained: 

Prothrombin  time  before  injection — dog 6  minutea 

Prothrombin  time  10  minutes  after  injection No  clot  in  24  hours 

Prothrombin  time  1  hour  after  injection 38  minutes 

Prothrombin  time  2  hours  after  injection 14  minutes 

ExperimentB  made  to  determine  how  the  heparin  acts  in  preventing 
coagulation  gave  decisive  proof  that  it  inhibits  the  activation  of  pro- 
thrombin to  thrombin.  Its  action  certainly  is  entirely  different  from 
that  of  hirudin.  This  latter  substance  is  a  true  antithrombin — that  is 
to  say,  when  added  in  minute  amounts  to  mixtures  of  thrombin  and 
fibrin<^n  it  prevents  clotting.  Heparin  has  no  such  effect.  Added 
in  relatively  large  amounts  to  solutions  of  thrombin  it  has  no  retarding 
effect  upon  the  action  of  the  thrombin  on  fibrinogen.  Since  the  heparin 
has  no  action  upon  fully  formed  thrombin  and  since  it  prevents  the 
formation  of  thrombin  when  oxalated  plasma  is  recalcified,  it  follows 
that  the  heparin  must  prevent  the  activation  of  prothrombin  to  throm- 
bin, probably  either  by  a  reaction  with  the  prothrombin  or  by  a  reac- 
tion with  calcium.  There  are  no  facts  to  support  the  latter  view. 
Heparin  gives  no  precipitate  with  calcium  salts  and  no  indication  of 
combining  with  the  calcium  in  any  way.  Blood  that  has  been  rendered 
incoagulable  with  heparin  cannot  be  made  to  clot  by  adding  calcium 
chloride  in  any  amounts.  For  example:  in  one  experiment  blood  was 
caught  as  it  flowed  from  an  artery  into  a  solution  of  heparin  so  that  the 
concentration  of  the  mixture  was  0.15  per  cent  in  heparin.  This  mix- 
ture was  centrifugalized  and  the  clear  plasma  was  removed.  This 
plasma  remained  unclotted  as  long  as  it  was  observed  (24  hours). 
Mixtures  were  made  with  a  solution  of  calcium  chloride  0.5  per  cent 
in  the  proportions  of  5  drops  of  plasma  to  1,  2,  3,  4  and  8  drops  of  the 
calcium  chloride.  None  of  these  mixtures,  or  of  similar  mixtures  in 
which  the  calcium  chloride  was  replaced  by  water,  showed  any  signs 
of  clotting  within  24  hours.  The  probability  therefore  is  that  the 
heparin  reacts  in  some  way  with  the  prothrombin  to  prevent  its  activa- 
tion by  calcium.  This  conclusion  is  supported  by  direct  experiments 
with  solutions  of  prothrombin.  Repeated  experiments  of  this  char- 
acter were  made  with  prothrombin  prepared  from  the  oxalated  plasma 
of  cat's  blood  (7).     For  example: 
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ProthrombiD  solution 5  drops 

Heparin  (0.2  per  cent) 2  drops 

Calcium  chloride  (0.5  per  cent) 2  drops 

Fibrinogen 8  drops 

This  mixture  gave  no  clot  in  24  hours — whereas  a  control  mixture  in 
which  the  heparin  was  replaced  by  an  equal  amount  of  water  gave  a 
solid  clot  within  5  minutes. 

Heparin  is  a  stable  compound.  As  stated  above,  preparations  kept 
in  desiccators  have  retained  their  properties  unimpaired  for  at  least 
two  years.  Its  solutions  are  not  injured  by  heating  to  the  boiling 
point.  Specific  experiments  of  this  kind  have  been  made  with  solu- 
tions containing  heparin  in  concentrations  of  0.5,  0.25  and  0.12  per 
cent.  The  test  tubes  containing  these  solutions  were  immersed  for 
five  minutes  in  boiling  water.  Subsequent  examination  showed  that 
the  activity  of  these  solutions  in  preventing  clotting  and  in  activating 
pro-antithrombin  had  not  been  impaired. 

The  activation  of  pro-antithrombin.  Early  in  this  work  it  was  ob- 
served that  while  heparin  itself  does  not  act  as  an  antithrombin  never- 
theless it  causes  a  marked  increase  in  the  antithrombin  of  plasma  or 
aerum.  The  following  experiment  may  be  used  to  illustrate  this  reac- 
tion. Clear  oxalated  and  centrifugalized  plasma  from  cat's  blood  was 
heated  to  54''C.  in  a  water  bath  to  remove  its  fibrinogen.  The  pre- 
cipitated fibrinogen  was  removed  by  filtration  and  the  plasma  was 
then  tested  for  antithrombin  by  the  method  used  in  this  laboratory 
(8)  with  and  without  the  addition  of  a  aolutioiji  of  heparin.  One  drop 
of  each  solution  was  added  to  2,  3,  4  and  5  drops  of  thrombin  and 
after  an  incubation  of  15  minutes  10  drops  of  fibrint^n  were  added  to 
each  specimen  and  the  time  of  coagulation  was  noted. 

Specimen  I.  Plasma  plus  an  equal  volume  of  0.1  per  cent  heparin 

Thrombin  2  drops No  clot  in  24  hours 

Thrombin  3  drops Clot  in  95  minutes 

Thrombin  4  drops Clot  in  42  minutes 

Thrombia  5  drops Clot  in  17  minutes 

Specimen  II.  Control — Plasma  plus  on  equal  volume  of  water 

Thrombin  2  drops Clot  in  17  minutes 

Thrombin  3  drops Clot  in    5  minutes 

Thrombin  4  drops Clot  in    4  minutes 

Thrombin  5  drops Clot  in   3  minutes 


.,Google       _ 


334  VI.   a.   HOWELL  AND   SMMETT   HOLT 

As  will  be  seen,  the  Bpecimen  containiDg  heparin  showed  a  greatly 
increased  amount  of  antithrombin.  This  experiment  was  repeated  a 
great  many  times  with  specimens  of  serum  as  well  as  of  plasma  and 
always  with  similar  results.  In  attempting  to  explain  this  reaction  it 
was  at  first  supposed  that  the  heparin  reacted  with  some  of  the  known 
substances  in  serum  to  produce  an  antithrombin,  for  example,  with 
prothrombin  or  antithrombin  itself,  or  that  in  some  way  it  sensitized 
or  intensified  the  action  of  the  antithrombin  already  present  in  the 
plasma  or  serum  (9).  Experiments  made  to  test  these  hypotheses 
have  given  negative  results.  Prothrombin  can  be  isolated  in  an  im- 
pure but  effective  form  by  the  acetone  method.  Solutions  of  this  kind 
have  no  antithrombic  action  and  addition  of  heparin  does  not  alter  the 
reaction  in  this  respect.  On  the  other  hand  it  was  found  that  the 
antithrombin  in  cat's  plasma  can  be  removed  or  destroyed  by  heat- 
ing to  60°C.  for  five  to  ten  minute^.  Nevertheless  on  adding  heparin 
to  such  a  plasma  there  is  an  immediate  production  of  a  considerable 
amount  of  antithrombin.  Hence  the  heparin  does  not  act  by  intensify- 
ing the  activity  of  antithrombin  already  present  but  produces  new 
antithrombin  by  a  reaction  with  an  unknown  constituent  of  the  blood. 
This  conclusion  is  strengthened  further  by  the  fact  that  this  antecedent 
or  mother  substance  can  be  precipitated  from  plasma  by  one-third  or 
one-half  saturation  with  ammonium  sulphate.  The  precipitation  by 
one-third  saturation  is  less  complete  that  with  one-half  saturation  but 
in  neither  case  is  the  active  antithrombin  thrown  down,  or  if  it  is  pre- 
cipitated it  is  destroyed  or  denatured  in  the  process.  For  example: 
a  specimen  of  cat's  plasma,  oxalated  and  centrifugahzed,  was  divided 
into  two  portions;  to  one  portion  ammonium  sulphate  was  added  to 
one-third  saturation  and  to  another  to  one-half  saturation.  The 
precipitates  were  collected  by  centrifugal! zing  and  were  then  dissolved 
by  the  addition  of  water.  Each  solution  was  tested  for  antithrombin 
after  adding  an  equal  volume  of  heparin  (0.2  per  cent)  and,  as  a  con- 
trol, after  adding  an  equal  volume  of  water,  with  the  following  result: 

/.  The  ■precipitate  obtained  by  one-lhird  ealuralion  with  ammonium  autpkate 
With  heparin 

Thrombin  2  drops No  clot  in  1  hour 

Thrombin  3  drops No  clot  in  I  hour 

Thrombin  4  drops , . . .  Clot  in  53  minutes 

Thrombin  5  drops Clot  in  15  minutes 

Thrombin  2  drops No  clot  in  I  hour 
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With  water  (control) 

ThrombiD  2  drops Clot  in  4. 5  minutes 

Thrombin  3  drops Clot  in  315  minut«s 

Thrombin  4  drops Clot  in  2.5  minutes 

Thrombin  5  drops Clot  in  2.5  minutes 

11.  The  precipittite  obtairted  by  one-half  saturation  vrith  ammonium  sulphate 

With  heparin 

Thrombin  2  drops No  clot  within  an  hour 

Thrombin  3  drops No  clot  within  an  hour 

Thrombin  4  drops No  dot  within  an  hour 

Thrombin  5  drops No  clot  within  an  hour 

With  water  (control) 

Thrombin  2  drops Clot  in  4  minutes 

Thrombin  3  drops Clot  in  3  minutes 

Thrombin  4  drops Clot  in  2.5  minutes 

Thrombin  5  drops Clot  in  2  minutes 

These  results  can  scarcely  be  interpreted  otherwise  than  upon  the 
assumption  that  there  is  a  material  in  plasma  and  serum  which  by  a 
reaction  with  heparin  is  converted  to  or  gives  rise  to  antithrombin. 
In  the  nomenclature  of  the  day  we  may  speak  of  this  substance  as  a 
pro-antithrombin  which  is  activated  to  antithrombin  by  heparin,  just 
as  prothrombin  is  activated  to  thrombin  by  calcium. 

The  two  sets  of  compounds  show  an  interesting  difference  in  their 
reactions  to  acetone.  The  precipitate  obtained  by  adding  an  equal 
volume  of  acetone  to  blood  plasma  yields  on  appropriate  treatment  an 
active  prothrombin  but  no  pro~antithrombin.  So  also  from  solutions 
in  which  it  is  contained  thrombin  may  be  precipitated  uninjured  by 
acetone  while  antithrombin  is  destroyed  or  denatured.  On  the  other 
hand  ammonium  sulphate  to  one-half  saturation  precipitates  unin- 
jured prothrombin,  thrombin  and  pro-antithrombin,  while  antithrom- 
bin is  either  not  precipitated  or  else  is  destroyed  or  denatured.  It  was 
observed  also  that  in  cat's  oxalated  plasma,  after  heating  to  54°C.  to 
remove  the  fibrinogen,  both  prothrombin  and  pro-antithrombin  may  be 
precipitated  in  part  by  the  addition  of  acetic  acid  to  distinct  acid  reac- 
tion. The  precipitate  may  be  collected  by  centrifugal! zing  and  then 
dissolved  in  a  solution  of  sodium  chloride,  1  per  cent,  made  slightly 
alkaline  with  sodium  carbonate.  This  solution  furnishes  thrombin  on 
the  addition  of  calcium  chloride  and  antithrombin  on  the  addition  of 
heparin. 

The  pro-antithrombin  or  antitbrombogen,  as  it  might  also  be  called, 
is  thermolabile  but  less  so  than  antithrombin.    As  stated  above,  this 
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difference  is  especially  well  shown  in  cat's  plasma.  In  this  plasma  all 
the  ready  formed  antithrombin  may  be  destroyed  by  heating  to  60° 
for  5  minutes  while  the  pro-antithrombln  is  apparently  not  affected. 
Heating  this  plasma  to  TO^C.  however  will  destroy  all  the  pro-anti- 
thrombin  very  promptly,  and  the  same  result  is  obtained  by  prolonged 
heating  at  lower  temperatures.  The  following  results  were  obtained 
from  the  plasma  of  cat's  blood,  oxalated  and  centrifugalized,  subse- 
quently heated  to  60°  for  6  minutes  and  15  minutes  and  to  70°  for  5 
minutes  and  then  examined  for  antithrombin  with  and  without  the 
addition  of  heparin. 

/.  Specimen  heated  to  BO^C.  for  S  minuses 

With  heparin 

Thrombin  2  drops No  clot  in  24  hours 

Thrombin  3  drops No  clot  in  24  hours 

Thrombin  4  drops No  clot  in  24  hours 

Thrombin  5  drops No  clot  in  24  hours 

With  water  (control) 

Thrombin  2  drops Clot  in  4.5  minutes 

Thrombin  3  drops Clot  in  3.5  minut«B 

Thrombin  4  drops Clot  in  3,5  minutes 

Thrombin  5  drops Clot  in  3.5  nunutes 

II.  Specimen  heaUd  to  80°C.  for  IB  minvlet 
T^ith  heparin 

Thrombin  2  drops Clot  in  32  minutes 

Thrombin  3  drops Clot  in  10  minutes 

Thrombin  4  drops Clot  in  10  minutes 

Thrombin  5  drops Clot  in    5  minutes 

III.  Specimen  healed  to  TO'C.  for  B  minvUa 
With  heparin 

Thrombin  2  drops Clot  in  4.5  minutes 

Thrombin  3  drops Clot  irL  3.5  minutes 

Thrombin  4  drops Clot  in  2.5  minutes 

Thrombin  5  drops Clot  in  2.5  minutes 

It  will  be  seen  that  the  reaction  with  heparin  was  much  weakened  by 
heating  to  60''C.  for  15  minutes,  and  completely  destroyed  by  heating 
to  70°  for  5  minutes. 

The  source  of  pro-antitkromhin.  An  effort  was  made  to  determine 
whether  or  not  the  pro-antithrombin  is  furnished  to  the  plasma  by  the 
blood  corpuscles.  The  experiments  were  not  completed  but  they  were 
carried  far  enough  to  show  that  neither  the  blood  plates  nor  the  leuco- 
cytes give  origin  to  this  substance.     Platelets  obtained  from  oxalated 
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pig's  blood  by  differential  centrifugalization  and  subsequent  washing 
with  a  0.9  per  cent  solution  of  sodium  chloride  give  a  solution  when 
extracted  with  water  which  contains  prothrombin  but  no  pro-anti- 
thrombin— that  is  to  say,  addition  of  calcium  chloride  causes  the  for- 
mation of  thrombin,  but  addition  of  heparin  does  not  produce  anti- 
thrombin.  A  similar  negative  result,  so  far  as  pro-antithrombin  is 
concerned,  was  obtained  by  extracting  lymphocytes  furnished  by  the 
thymus  giand  and  blood  leucocytes  obtained  from  the  buffy  coat  of 
centrifugaUzed  oxalated  blood. 

The  reaction  between  heparin  and  pro-antithrombin.  We  have  no 
knowledge  regarding  the  chemical  nature  of  pro-antithrombiD  or  the 
change  that  it  undergoes  in  being  converted  to  active  antithrombin,  but 
it  seems  evident  that  the  reaction  is  not  enzymatic  or  catalytic.  The 
amount  of  antithrombin  formed  increases  in  proportion  to  the  amount 
of  heparin  added.  If  one  takes  several  specimens  of  oxalated  plasma 
of  0.5  cc.  each  and  adds  one,  five  a,nd  ten  drops  of  a  0.2  per  cent  solu- 
tion of  heparin  it  will  be  found  that  the  amount  of  antithrombin  formed 
increases  with  the  heparin  added.  Unfortunately  the  mode  of  demon- 
strating antithrombin  does  not  lend  itself  readily  to  a  quantitative 
determination,  except  within  narrow  limits,  so  that  it  is  not  possible  to 
express  the  relationship  between  the  amounts  of  hepario  and  the 
amounts  of  antithrombin  in  a  definite  form.  But  the  fact  that  the 
reaction  between  the  heparin  and  the  pro-antithrombin  is  of  the  nature 
of  a  definite  chemical  reaction  is  borne  out  also  by  the  following  obser- 
vation. A  specimen  of  clear  cat's  plasma,  oxalated,  was  heated  to 
WC.  for  ten  minutes,  thereby  precipitating  its  fibrinogen  and  destroy- 
ing all  the  antithrombin  present.  After  filtration,  a  0.2  per  cent  solu- 
tion of  heparin  was  added  in  equal  volume  to  a  part  of  this  plasma. 
Examination  showed  now  the  presence  of  a  considerable  amount  of 
antithrombin,  due  to  the  action  of  the  heparin  on  the  pro-antithrombin. 
This  mixture  was  then  heated  again  to  WC.  for  ten  minutes  to  destroy 
the  newly  formed  antithrombin,  and  that  this  really  occurred  was 
determined  by  experiment.  To  the  mixture  there  was  again  added  an 
equal  volume  of  heparin,  0.2  per  cent,  with  the  result  that  there  was 
again  a  formation  of  a  considerable  amount  of  antithrombin.  The 
experiment  serves  not  only  to  indicate  that  the  reaction  between  the 
heparin  and  pro-antithrombin  takes  place  in  definite  proportions  after 
the  manner  of  an  ordinary  chemical  reaction,  but  it  serves  to  show  also 
that  the  reserve  supply  of  pro-antithrombin  in  blood  is  considerable. 
The  reaction  between  antithrombin  and  thrombin,  as  has  been  pointed 
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out  previously  (10),  is  a  colloidal  reactioD  the  extent  of  which  varies 
with  the  time,  so  that  in  any  effort  to  estimate  the  amount  of  anti- 
thrombin  in  a  quantitative  way  in  different  solutions  it  is  necessary  to 
give  a  definite  time  for  the  interaction  between  the  two  substances. 
The  longer  they  are  in  contact  the  lai^r  will  be  the  amount  of  throm- 
bin inactivated  by  the  antithrombin.  The  relations  are  quite  differ- 
ent in  the  reaction  between  heparin  and  pro-antithrombin.  When  a 
mixture  is  made  the  maximal  reaction  is  completed  as  soon  as  an  exam- 
ination can  be  made,  and  a  longer  exposure  leads  to  no  further  increase 
in  antithrombin. 

DISCUSSION 

One,  at  least,  of  these  new  factors  in  coagulation,  the  pro-anti- 
thrombin, is  present  normally  in  blood.  The  other,  the  heparin,  has 
not  been  shown  directly  to  be  a  normal  constituent  of  blood  but  the 
indirect  evidence  speaks  strongly  \n  favor  of  this  view.  The  direct 
rfile  of  the  pro-antithrombin  is  to  give  rise  to  antithrombin  and  it 
may  be  assumed  that  the  amount  of  the  latter  constantly  present  in 
normal  blood  is  dependent  upon  the  extent  to  which  the  pro-anti- 
thrombin is  activated,  and  this  in  turn  is  dependent  upon  the  amount 
of  heparin  since  so  far  as  we  know  the  pro-antithrombin  carmot  be 
changed  to  antithrombin  otherwise  than  by  a  reaction  with  heparin. 
The  fact  that  there  is  a  supply,  and  a  considerable  supply,  of  pro-anti- 
thrombin in  circulating  blood  indicates  that  the  antithrombin  prob- 
ably takes  an  important  part  in  regulating  the  process  of  coagulation. 
What  is  the  r61e  of  antithrombin?  Two  views  have  been  suggested: 
Nolf  (11)  and  afterwards  Howell  (12)  have  stated  their  belief  that  the 
antithrombin  is  directly  concerned  in  maintaining  the  normal  fluidity 
of  the  blood.  The  latter  in  his  theory  of  coagulation  has  assumed  that 
some  inhibiting  substance,  presumably  the  antithrombin,  functions  by 
preventing  the  activation  of  prothrombin  by  calcium  and  that  in  this 
way  intravascular  coagulation  is  avoided.  When  blood  is  shed  or 
when  in  any  other  way  thromboplastic  substance  is  added  to  the  blood, 
the  inhibiting  influence  of  the  antithrombin  is  neutralized,  the  pro- 
thrombin is  converted  to  thrombin  and  coagulation  ensues.  At  the 
time  this  theory  was  proposed  antithrombin  was  the  only  inhibiting 
substance  known  in  the  blood,  but  the  work  described  in  this  paper 
makes  it  probable  that  the  blood  contains  a  second  inhibiting  sub- 
stance, heparin,  which  so  far  as  its  action  is  concerned,  may  be  desig- 
nated as  an  anti-prothrombin  since  it  inhibits  clotting  by  preventing 
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the  activation  of  prothroinbin.  If  would  be  more  logical  perhaps 
to  assume  that  heparin  rather  than  antithrombin  is  the  substance  in 
blood  which  prevents  spontaneous  clotting  and  which  is  neutralized  in 
shed  blood  by  the  thromboplastic  material,  the  cephalin.  Laboratory 
experiments  show  readily  that  the  inhibiting  effect  of  heparin  can  be 
neutralized  by  the  addition  of  cephalin,  but  in  order  to  give  this  modifi- 
cation of  Howell's  original  theory  a  sound  experimental  basis  it  is 
necessary  to  show  that  heparin  is  a  normal  constituent  of  blood.  This 
demonstration  has  not  yet  been  furnished.  But  admitting  the  proba- 
ability  of  this  view  the  qflestion  arises  as  to  the  function  fulfilled  by  the 
antithrombin  which  we  know  does  exist  in  normal  blood.  In  several 
pieces  of  work  done  in  this  laboratory  (Weymouth,  13),  (Gasaer,  14), 
{Rich,  15),  evidence'has  been  furnished  which  tends  to  show  that 
metathrombin  found  in  the  serum  of  clotted  blood  is  a  combination 
of  thrombin  and  antithrombin.  The  antithrombin  inactivates  throm- 
bin by  forming  the  substance  designated  as  metathrombin  by  Mora- 
witz.  In  accordance  with  this  view  Gasser  haa  sui^estcd  that  this 
may  be  at  least  one  function  of  the  antithrombin.  It  is  very  probable 
that  thrombin  in  small  amounts  is  formed  constantly  in  circulating 
blood  and  the  presence  of  antithrombin  may  be  a  device  to  neutraUze 
this  thrombin.  On  the  other  hand,  when  blood  is  shed  thrombin  is 
formed  suddenly  in  relatively  large  amounts  and  the  antithrombin 
under  such  conditions  is  inadequate  for  protection,  especially  as  its 
rate  of  action  upon  thrombin  is  greatly  reduced  at  temperatures  below 
that  of  the  body  (16).  Provisionally  we  are  inclined  to  adopt  the 
view  that  the  value  of  the  antithrombin  and  therefore  of  the  pro- 
antithrombin  is  to  safeguard  the  blood  from  the  action  of  any  free 
thrombin  that  may  be  liberated  in  the  circulation. 

The  function  of  the  heparin  in  copulation  is  implied  in  its  two 
characteristic  properties  described  above.  As  previously  stated, 'the 
presence  of  this  substance  in  the  blood  has  not  been  demonstrated  but 
it  seems  very  probable  that  it  is  one  of  the  normal  constituents  of  this 
liquid.  The  fact  that  it  has  the  specific  reaction  of  changing  pro- 
antithrombin  to  antithrombin  supports  this  view.  If  we  can  make  this 
assumption  it  would  follow  that  heparin  constitutes  an  inhibiting 
material  which  restrains  clotting  by  a  double  action;  by  its  power  to 
prevent  the  activation  of  prothrombin  to  thrombin  and  by  its  property 
of  activating  pro-antithrombin  to  antithrombin.  Through  this  mate- 
rial the  body  is  able  to  modify  coagulability  of  the  blood  either  locally 
or  in  general.     An  instance  of  local  modification  is  furnished  by  the 
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work  of  Schickele  (17)  who  has  ahown  that  an  inhibiting  substance  to 
blood  coagulation  is  produced  in  the  uterine  mucous  membrane.  A 
special  study  of  this  material  in  this  laboratory  by  Dr.  Jessie  King  has 
shown  that  it  is  undoubtedly  heparin  or  a  substance  with  properties 
similar  to  those  of  heparin,  since  it  inhibits  clotting  by  preventing  the 
activation  of  prothrombin  and  is  also  effective  in  causing  an  increase  in 
antithrombin  when  added  to  plasma  or  serum.  It  is  quite  possible 
indeed  that  some  of  the  normal  and  abnormal  variations  in  the  coagu- 
lability of  blood  may  be  traced  to  variations  in  the  amount  of  heparin. 
The  properties  of  hemophilic  blood,  for  example,  as  described  by  one 
of  us  (IS),  are  in  fact  identical  with  those  exhibited  by  blood  to  which 
heparin  has  been  added  in  concentrations  sufficient  to  retard  coagula- 
tion. IF  subsequent  work  is  successful  in  devi&ing  a  method  for  the 
quantitative  estimation  of  heparin  in  blood,  a  great  amount  of  light 
may  be  thrown  upon  some  of  the  difficult  problems  in  blood  coagulation. 


1.  Two  new  substances  are  described  which  are  connected  with  the 
process  of  coagulation  of  blood: 

a.  A  phosphatid  designated  as  heparin  since  it  is  obtained  most 
readily  from  the  liver  (dog).  It  has  an  N  to  P  ratio  of  2.5  to  1.  It  is 
easily  soluble  in  water  giving  a  clear,  non-opalescent  solution  of  a 
yellowish  or  reddish  color  according  to  concentration.  It  possesses 
two  characteristic  reactions:  First,  it  retards  or  prevents  the  coagula- 
tion of  blood,  both  in  the  body  and  when  the  blood  is  shed.  Second, 
it  causes  a  marked  increase  in  antithrombin  when  added  to  blood  or 
serum. 

b.  An  antecedent  or  mother  substance  for  antithrombin,  present  in 
plasma  and  serum  in  considerable  amounts.  It  is  converted  promptly 
to  antithrombin  by  heparin  and  is  designated  as  a  pro-antitbrombin. 

2.  Heparin  may  be  obtained  from  lymph  glands  and  it  has  been 
detected  by  its  reactions  in  the  uterine  mucous  membrane.  It  is 
present  in  largest  amounts  in  the  liver,  especially  the  dog's  liver, 

3.  Heparin  inhibits  clotting  mainly  by  preventing  the  activation  of 
prothrombin  to  thrombin.  It  acts  as  an  antiprothrombin  rather  than 
as  an  antithrombin. 

4.  The  action  of  heparin  in  preventing  the  activation  of  prothrombin 
and  in  causing  the  activation  of  pro-antithrombin  is  not  destroyed  at 
a  temperature  of  100°C. 
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5.  Pro-antithrombin  in  blood  plasma  is  destroyed  promptly  by 
heating  to  70°C.  and  more  gradually  by  prolonged  heating  at  lower 
temperatures  (SCC-)- 

6.  Pro-antithrombin  may  be  precipitated  uninjured  from  blood 
plasma  by  acetic  acid  or  by  ammonium  sulphate  added  to  one-half 
saturation. 

7.  On  the  theoretical  side  it  is  suggested  that  heparin  and  pro-anti- 
thrombin are  normal  constituents  of  the  circulating  blood  (not  demon- 
strated for  the  heparin)  and  together  fulfill  the  function  of  safeguarding 
the  fluidity  of  the  blood,  that  is  to  say,  of  preventing  intravascular 
clotting.  The  pro-antithrombin  by  its  conversion  to  antithrombin 
provides  a  protection  against  any  small  quantities  of  thrombin  that 
may  arise  in  the  circulating  blood  (metathrombin  formation).  The 
heparin  in  addition  to  functioning  as  a  specific  activator  to  pro-anti- 
thrombin exerts  an  inhibiting  influence  upon  the  conversion  of  pro- 
thrombin to  active  thrombin.  When  blood  is  shed  or  when  in  other 
ways  thromboplastic  substance  (cephalin)  is  added  to  the  blood  the 
protection  afforded  by  the  heparin  is  overcome  and  thrombin  ia  formed 
in  amounts  sufficient  to  cause  clotting.  It  is  suggested  that  variations 
in  the  amount  of  heparin  in  the  blood  may  sufiice  to  explain  some  of 
the  known  abaormahties  in  coagulation,  hemophilia,  for' example. 
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In  1902  Bayliss  and  Starling  (1)  showed  that  acid  acts  on  prosecretin 
in  the  duodenal  mucous  membrane  and  changes  it  into  secretin,  which 
is  carried  by  the  blood  and  activates  the  pancreatic  cells.  They 
showed  also  that  secretin  increases  the  secretion  of  bile. 

But  as  to  its  effects  on  the  internal  secretion  no  researches  have  ap- 
parently been  carried  out,  except  the  fairly  recent  work  of  Downs  and 
Eddy,  (2),  <3)  who  performed  several  interesting  experiments  and 
found  that  the  subcutaneous  injection  of  even  a  small  dose  of  secretin 
is  able  to  produce  a  marked  increase  in  the  numbe^^of  red  and  whit* 
corpuscles  in  the  circulating  blood.  They  suggested  as  the  most  prob- 
able explanation  of  this  increase  that  it  is  due  to  a  direct  stimulating 
action  of  the  secretin  on  the  bone  marrow  and  lymphatic  tissues  in 
general. 

In  our  laboratory  more  extensive  researches  in  this  field  have  been 
carried  out,  namely:  the  influence  of  secretin  on  several  fennents 
(catalase,  diastase  and  glycolytic  ferment)  and  on  the  sugar  content  of 
the  blood. 

The  secretin  which  we  used  was  always  prepared  as  follows:  Dogs 
weighing  about  10  kgm.  each  were  used.  They  received  no  food  for 
about  twenty-four  hours  previous  to  being  bled.  The  mucous  mem- 
brane was  scraped  off  with  a  dull  knife  from  the  duodenum  and  the 
upper  half  of  the  small  intestine,  and  was  triturated  with  50  cc.  of  0.4 
per  cent  hydrochloric  acid.  After  standing  for  two  hours,  the  mixture 
was  boiled  actively,  neutralized  with  10  per  cent  solution  of  sodium 
hydroxide  while  boiling  and  again  rendered  faintly  acid  with  glacial 
acetic  acid.  After  boiling  for  about  ten  minutes  the  preparation  was 
filtered.  The  filtrate  thus  obtained  was  clear  and  greenish-yellow. 
Sufficient  glacial  acetic  acid  was  added  to  make  it  2  per  cent  by  volume 
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and  the  acid  extract  evaporated  to  dryness,  as  vas  done  by  Downs  and 
Eddy.  We  thus  obtained  about  0.5  to  0.7  gram  of  dried  acid  extract, 
namely  about  10  to  14  mgm.  per  cubic  centimeter  of  original  solution. 

In  our  experiments  the  dried  acid  extract  was  dissolved  in  normal 
saline  solution  and  injected  into  rabbits  aubcutaneoualy.  In  all  ex- 
periments recorded  in  this  paper  rabbits  were  employed.  During  the 
experiments  food  and  water  were  always  withheld  from  the  animals. 

The  investigations  to  be  described  were  commenced  with  the  repeti- 
tion of  Downs  and  Eddy's  work. 

The  influence  of  secretin  on  the  number  of  red  and  while  corpuscles  in 
the  circulating  blood.  Downs  and  Eddy  have  shown  that  the  adminis- 
tration of  secretin  produces  a  considerable  increase  in  both  the  red  and 
the  white  corpuscle  count.  Our  experiments  were  carried  out  in  ac- 
(iordance  with  their  procedure.  The  blood  was  obtained  from  the  ear 
of  the  rabbit.  Specimens  were  taken  simultaneously  for  counting 
both  red  and  white  corpuscles,  Hayem's  solution  being  used  as  the 
dilutii^  fluid  for  the  former  and  Turk's  solution  for  the  latter.  The 
counts  were  made  in  the  usual  manner  with  the  Thoma-Zeiss  apparatus. 

One  cubic  centimeter  of  the  secretin  solution,  equivalent  to  ap- 
proximately 10  mgm.  of  the  dried  acid  extract,  per  kilogram  of  body 
weight,  which  was  determined  by  Downs  and  Eddy  as  the  most 
efficient  dose  to  produce  a  marked  increase  in  the  number  of  red  and 
white  corpuscles  per  cubic  millimeter  of  the  circulating  blood,  was  in- 
jected eubcutaneously.    The  results  are  shown  in  table  1. 

These  experiments  show  that  the  secretin  solution,  when  injected 
eubcutaneously,  is  able  to  produce  an  increase  in  the  number  of  red 
and  white  corpuscles  in  the  circulating  blood  thus  confirming  the 
results  of  Downs  and  Eddy. 

The  influence  of  secretin  on  the  catalase  amtent  of  the  blood.  The  ob- 
ject of  this  investigation  was  to  determine  what  change,  if  any,  occurs 
in  the  catalase  content  of  the  blood.  The  amount  of  catalase  in  the 
blood  was  determined  according  to  the  following  method. 

The  blood  was  obtained  in  all  cases  from  the  ear  of  the  rabbit  with 
as  Uttle  manipulation  as  possible,  and  quickly  defibrinated.  One  cubic 
centimeter  of  this  defibrinated  blood  was  diluted  with  normal  saUne 
solution  to  0.1  per  cent.  Ten  cubic  centimeters  of  this  solution  of  the 
blood  were  added  to  30  cc.  of  1  per  cent  neutral  hydrogen  peroxide 
in  a  specially  arranged  flask.  The  liberated  oxygen  gas  was  con- 
ducted through  a  rubber  tube  to  a  graduated  burette,  which  was  pre- 
viously filled  with  water.     As  the  liberation  of  the  oxygen  is  consider- 
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ably  accelerated  by  ghaking  the  flask  and  therefore  the  amount  of  the 
liberated  gas  may  vary  with  such  shaking,  we  have,  as  a  rule,  never 
touched  the  apparatus  after  the  blood  specimen  and  hydrogen  peroxide 
were  mixed.  Exactly  after  twenty  minutes,  the  atmospheric  pressure 
in  the  burette  was  made  equal  to  that  in  the  room  and  the  amount  of 

TABLE  I 

Dose:  1  ee.  lecretin  solution  per  kilogram  of  body  teeighl 


Bxriu- 

,™^co.»x 

-;o-;r. 

•r^z.v 

IIK^tl^l 

-X" 

'   { 

R.  B.  C. 
W.  B.  C. 

5,550,000 
10,100 

7,030,000 
10,700 

1,480,000 
600 

27 
6 

60 
60 

M 

R.  B.  C. 

5,110,000 

6,780,000 

1,670,000 

33 

90 

W.  B.  C. 

16,200 

23,300 

8,100 

19 

90 

3     1 

R.  B.  C. 
W.  B.  C. 

S.870,000 
6,100 

7,030,000 
9,000 

1,160,000 
2,900 

20 
38 

80 
60 

4 

R.  B.  C. 
W.  B.  C. 

5,720,000 
11,000 

7,640,000 
16,200 

1,920,000 
5.200 

34 
47 

90 
120 

5     ( 

R.  B.  C. 

6,130,000 

10,070,000 

3,940,000 

54 

90 

W.  B.  C. 

5,200 

10,200 

5,000 

96 

90 

•{ 

R.  B.  C. 
W.  B.  C. 

6,060,000 

6,400 

6,970,000 
8,500 

910,000 
2,100 

15 
33 

90 
90 

'( 

R.  B.  C. 
W.  B.  C. 

5,940,000 
■9,000 

6,420,000 
11,300 

460,000 
2,300 

8 
26 

90 
SO 

»( 

R.  B.  C. 
W.  B.  C. 

6,240,000 

7,900 

6,560,000 
8,100 

320,000 
200 

5 
3 

90 
90 

Aver&ge  percentage 

ncrease  {^ 

B.C 

B.  C 

26.75 
34.75 

the  oxygen  was  read  off  directly  from  the  burette  in  which  the  gas  had 
displaced  the  water.  The  volume  of  oxygen  gas  which  is  liberated  by 
1  CO.  of  the  blood  in  a  minute  was  taken  as  a  measure  of  the  amount  of 
catalase  in  the  defibrinated  blood. 

Burge  (4),  (5)  has  reported  the  effect  of  the  emotions  on  the  catalase 
content  of  the  liver  and  blood.     He  has  also  shown  that  the  catalase 


yGooglc 


EFFECT  OF   SECRETIN    INJECTIONS    IN   THE    RABBIT 


345 


content  of  the  blood  is  increased  by  prolonging  the  excitement  stage 
of  ether  anaesthesia  and  believes  that  the  increase  in  catalase  may 
account  for  the  increased  oxidation  during  the  excitement  stage  of  ether 
anaesthesia  just  as  the  decrease  in  catalase  may  account  for  the  de- 
creased oxidation  during  the  subsequent  stages  of  anaesthesia.  Burge 
and  Neill  (6)  also  demonstrated  that  the  catalase  of  the  blood  is  de- 
creased in  the  condition  of  "shock,"  In  our  preliminary  experiments 
dealing  with  the  effect  of  secretin  on  the  blood  catalase  in  rabbits  it  was 
found  that  the  injection  caused  an  actual  decrease  in  the  catalase  con- 
tent. A  similar  decrease  was,  however,  noted  in  control  animals. 
Subsequently  it  was  discovered,  as  is  indicated  in  table  2,  that  this 


TABLE  I 

The  ealalaie  content  o}  normal  rabbita 


»*« 

C«M.«. 

"*«« 

Id  the 

Alter 

SOnuaatea 

mimliut« 

ISOmiDuMg 

IMmiDuM* 

fl 

May  22 

67.0 

45,0 

4:.o 

37.0 

7 

May  23 

55.0 

52.5 

45.0 

44.0 

44.0 

8 

May  24 

100.0 

95,5 

89,5 

87.0 

84.0 

82.5 

B 

May  24 

33.0 

31.5 

30,0 

28,5 

30.5 

6* 

May  26 

29.0 

48-0 

38,5 

34.5 

1* 

May  25 

73.0 

80.0 

80.0 

73.0 

10 

May  27 

90.0 

87.0 

89.0 

86.5 

86.0 

11' 

May  27 

82.0 

86.0 

74.6 

65.0 

7 

May  28 

71.5 

65,5 

65.5 

75,0 

72.5 

8* 

May  28 

71.5 

74.0 

73.0 

77.0 

decrease  was  apparently  associated  with  the  handling  and  fright  of 
the  animals  for  if  time  was  allowed  to  elapse,  the  catalase  determi- 
nations became  reasonably  constant. 

Four  experiments  marked  with  an  asterisk  (•)  show  an  increase  in  the 
catalase  content  at  first.  Probably  these  animals  were  less  frightened 
by  repeating  the  experiment.  As  we  see  in  the  foregoing  table,  the 
catalase  content  in  the  blood  decreases  mostly  during  the  beginning 
one  and  a  half  hour  of  the  experiments  and  then  becomes  relatively 
constant. 

In  our  experiments  secretin  was,  therefore,  injected  hypodermically 
after  the  catalase  content  became  relatively  constant.    One  cubic 
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centimeter  of  secretin  per  kilogram  of  body  weight  was  given  hypo- 
dermically.    The  results  obtained  will  be  found  in  table  3. 

Experiments  4  and  9  showed  no  increase  in  the  catalase  content. 
In  experiment  1  the  secretin  was  injected  intravenously.  Except  for 
these  experiments,  a  dose  of  1  cc,  of  secretin  solution  per  kilogram 
of  body  weight  was  able  to  produce  an  average  increase  of  17  per  cent 
in  the  catalase  content  of  the  circulating  blood.  It  was  not  deter- 
mined whether  there  is  a  more  effective  dose  than  the  one  used. 

Several  experiments  for  control  were  undertaken  in  order  to  deter- 
mine if  this  increase  in  the  catalase  content  of  the  blood  is  caused 


TABLES 

etin  solution  per  kilograTi 


of  body  weight 


r^ss. 

,..«.«. 

BXPEU- 

Before 

Time  ■fl«t  the  injeetian  of 

«cret™ 

,">, 

00 

90 
mlnula 

120 

Percnl- 

M»i' 

minute* 

1 

7 

May  23 

43.5 

47.0 

43,5 

39.5 

44,5 

s 

30 

2 

8 

May2.i 

67,0 

80,5 

80,0 

70,5 

68,5 

20 

30 

3 

9 

May  2^ 

30.0 

34,5 

31,0 

29.5 

27,5 

15 

30 

4 

6 

May  25 

45,0 

41,0 

42.0 

36.5 

0 

5 

1 

May  25 

53.0 

71.0 

80.0 

67.0 

50 

60 

6 

10 

May  27 

81.0 

83.0 

88.0 

90.0 

76,5 

U 

90 

7 

n 

May  27 

69.0 

72.0 

80.0 

73,0 

69.5 

11 

60 

8 

8 

May  2* 

77.0 

81,0 

75-0 

760 

70.0 

5 

30 

9 

7 

May  28 

75,0 

72.5 

66.5 

64.0 

68.5 

0 

Average  percentage 

especially  by  the  injection  of  secretin  solution.  At  first,  2  or  3  cc,  of 
normal  saline  solution  were  injected  subcutaneously  in  rabbits,  after 
the  catalase  content  in  the  blood  became  relatively  constant.  But  no 
increase  in  the  catalase  was  seen,  as  the  following  table  shows. 
.  As  the  secretin  solution  contains  peptone,  we  have  proceeded  to 
the  further  experiments  for  control  in  order  to  determine  it  the  peptone 
itself  has  an  effect  on  the  catalase  content  of  the  blood.  For  this  pur- 
pose we  performed  the  following  four  experiments  with  a  dose  of  0.01 
gram  per  kilogram  of  body  weight.  The  peptone  was  dissolved  in 
normal  saline  solution  and  injected  hypodermically.  The  results  are 
shown  in  table  5, 
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A  slight  increase  was  found  in  two  experiments.  But  comparius 
these  results  with  those  of  the  experiments  with  secretin,  the  increase 
is  insignificant.  Hence  the  conclusion  is  justified  that  the  hjrpodermic 
injection  of  the  secretin  solution  causes  a  considerable  increase-in  the 
catalase  content  of  the  blood  in  thirty  to  ninety  minutes.  Since  cata- 
lase  is  found  in  the  blood  corpuscles,  it  is  natural  to  infer  a  relationship 


Influence  of  the  hypoder 


lie  injection  of  normal  saline  tolulion  (*  or  S  cc.)  o 
catalase  content  in  the  blood 


CAtU^WI 

TimniltwthtinjiKiti 

n 

MnuDutea 

OOmiDuMi 

WmiDuUa 

1 

2 

■  3 

4 

34.5 
44,0 
77.5 
33.0 

32.5 
44,0 
80.5 
32.0 

32-0 
44.6 
71.0 
30,6 

31,0 
43,5 

67,0 
30.0 

?xperimenU  on  the  effect  of  -peptone  on  the  ccUalaee  content  of  the  blood.     Dott: 
■peptone  0.01  gram  per  kilogram  of  body  weight 


c-^. 

■^■^.l" 

BBfontba 

InJMtion 

Time  (fur 

tOminutH 

WmiDuta 

WminuM 

llOminaw 

1 

42,0 

43,5 

46.0 

45,0 

41.0 

2 

73,0 

700 

72.0 

72.5 

67,5 

3 

86,0 

80.0 

82,5 

81.6 

77,5 

4 

730 

77,0 

77.0 

80,0 

79.0 

between  the  increased  corpuscle  count  and  the  increase  of  catalase 
produced  by  the  injection  of  secretin. 

The  influence  of  secretin  on  the  diastase  of  the  blood.  Investigations 
were  carried  out  to  study  the  influence  of  secretin  on  several  ferments 
in  the  blood.     Diastase  was  first  examined. 

Inoue  has  recently  made  an  interesting  report  on  methods  for  the 
determination  of  diastase,  which  is  not  yet  pubUshed.  It  was  proved 
by  him  that  Wohlgemuth'g  series  method  for  the  determination  of 
diastase  does  not  give  reliable  results.    He  has  recommended  a  new 
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method,  which  gives  uniformly  good  results.  In  our  experiments  this 
new  method  was  employed;  namely:  normal  saline  solution,  which 
contains  a  certain  quantity  of  salt  and  acetic  acid,  was  always  used  for 
the  dilution  of  the  blood  serum.  One  cubic  centimeter  of  the  diluted 
serum  solution  (in  our  cases  5  per  cent)  was  added  to  1  cc.  of  0.1  per 
cent  amylum  solution  and  incubated  in  a  water  bath  at  38°C.  At  in- 
tervals of  a  minute  a  drop  of  Lugol's  solution  (1/50  N)  was  added  to 
it  to  see  whether  the  amylum  was  completely  digested  or  not.  The 
time  which  is  necessary  for  the  complete  digestion  of  the  amylum  was 
taken  as  a  measure  of  the  amount  of  diastase.  The  results  here  re- 
corded are  baaed  upon  the  examination  of  twelve  differeiit  specimens 
obtained  from  eight  different  rabbits. 


TBI    TlHI    WHICH  !■  NUPB 

""c^"™  ^,Tcll^iA"u  f 

r™^^™ 

HtniasR 

Baforstha 

iniMtian 

Timemfl. 

tlui  injectioD  of  Hcretiii .  I  «.  pa 
.     0(  body  weight 

rkilofnm 

MminuUa 

OOmiDiiMa 

MmioDtaa 

130  miDutaa 

mtiiulu 

nmuCK 

mfnuMi 

ninuln 

ninutea 

I 

24 

24 

24 

25 

26 

2 

26 

27 

28 

30 

31 

3 

25 

28 

31 

33. 

30 

Control :  nothing  injected 


1 

26 

26 

29 

28 

27 

2    . 

27 

28 

28 

30 

31 

These  experiments  show  that  the  content  of  diastase  in  the  blood 
is  not  influenced  at  all  by  the  hypodermic  injection  of  the  secretin  solu- 
tion in  a  dose  of  1  cc.  per  kilogram  of  body  weigh^.  Incidentally  we 
tested  the  serum  of  these  rabbits,  in  which  secretin  had  been  injected, 
on  the  enucleated  eyes  of  frogs  to  see  if  there  was  any  adrenalin-like 
substance  in  the  blood.     The  results  were  entirely  negative. 

The  infiuence  of  secretin  upon  the  sugar  and  the  glycolytic  ferment  of 
the  blood.  The  blood  was  taken  from  the  ear  of  rabbits  and  quickly 
defibrinated.  Pour  cubic  centimeters  were  added  immediately  to  36 
cc.  normal  saline  solution,  containing  a  known  quantity  of  6  per  cent 
solution  of  pure  dextrose.  Twenty  cubic  centimeters  of  the  mixture 
were  examined  immediately,  and  the  remainder  was  placed  in  an  in- 
cubator at  37''C.  for  twenty  hours.     The  blood  sugar  content  was 
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detenuined  with  the  retnainii^  portion  of  the  defibrmated  blood. 
Throughout  the  reeearch  rigid  precautions  as  regards  asepsis  were 
taken. 

The  specimens  were  always  precipitated  by  liq.  ferri  dialyB§,t.  and 
potassium  sulphate  (saturated  solution),  and  filtered.  Id  all  estima- 
tions of  sugar  Pavy-Kumagawa-Sudo's  method  was  employed.  At 
first,  1  cc.  of  secretin  solution  per  kilogram  of  body  weight  was  given 
subcutaoeously  to  see  if  it  influenced  the  sugar  and  glycolytic  fer- 
ment content  of  the  blood.  But,  no  influence  being  observed,  10  cc. 
per  kilogram  of  body  weight  were  administered.  The  results  are 
shown  in  the  following  tables. 


.««™ 

BLOOD 

■DOAB 

Balora  the  ioisetioD  of 
Moretla 

Oh  hour  aftar  chs 
iiil*ct)ono(i«!mln 

cc. 

l»r«l 

fxrotnl 

1 

I 

0.117 

0.132 

2 

1 

0.124 

0.135 

3 

10 

•0.105 

0.198 

4 

10 

0.108 

0.126 

,5 

10 

0.105 

0.136 

KU«BU 

■•c»»ri 

" 

■"?Si* 

mwc. 

LOHOt 

P,™.t«. 

cc. 

mtm. 

xrM. 

1 

1 

{ 

Before  injection 
One  hour  after 

7 
7 

908 
880 

6.136 
6.084 

1.772 
1.796 

22,4 

22.8 

2 

I 

{ 

Before  injectioo 
One  hour  after 

8 
8 

020 
020 

5.156 
5,342 

2,864 
2.678 

36.7 
33  4 

3 

10 

{ 

Before  injection 
One  hour  after 

9 
9 

448 
188 

6-288 
6.700 

3.160 

2.488 

33,5 

27.1 

4 

10 

1, 

Before  Injection 
One  hour  after 

8 
8 

772 

732 

5.460 

5,648 

3-312 
3-084 

37.8 
35,3 

5 

10 

{ 

Before  injection 
One  hour  after 

8 
8 

548 
396 

4.216 
4.076 

4.332 
4.320 

50,7 
60,2 
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All  of  these  experimentB  show  some  increase  in  the  amount  of  the 
blood  sugar.  But,  as  the  blood  sugar  content  is  labile,  such  a  slight 
increase  may  be  caused  by  factors  such  as  excitement  of  the  animal. 
It  thug  appears  that  the  blood  sugar  is  not  influenced  by  the  adminis- 
tration of  secretin. 

As  we  see  in  the  foregoing  table,  no  marked  decrease  in  the  glycolytic 
power  of  the  blood  was  proved.  It  would  thus  appear  that  the  sugar 
and  glycolytic  ferment  of  the  blood  are  in  no  way  altered  quantitatively 
by  the  administration  of  secretin. 

CONCLUSIONS 

1.  Secretin,  when  injected  subcutaneously,  produces  an  increase  in 
the  number  of  red  and  white  corpuscles  in  the  circulating  blood  of 
rabbits,  as  Downs  and  Eddy  proved. 

2.  The  hypodermic  injection  of  1  cc.  of  secretin  causes  an  increa.=e 
in  the  catalase  content  of  the  blood. 

3.  Neither  increase  nor  decrease  in  the  diastase,  glycolytic  fermont 
and  sugar  of  the  blood  was  observed  after  the  hypodermic  injection  of 
1  cc.  of  secretin. 

I  desire  to  express  my  sincere  thanks  to  Prof.  Dr.  K.  Katayama  and 
Prof.  Dr.  S.  Mita,  to  whom  I  am  indebted  for  suggesting  the  problem 
and  for  their  kind  advice. 
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Lusk  (1)  found  that  the  ii^estion  of  glycocoll,  alanin,  leucin  and 
tyrosin  increased  oxidation  while  the  ingestion  of  glutamic  acid  did 
not.  Grafe  (2),  contrary  to  Lusk,  found  that  the  ingestion  of  glu- 
taoiic  acid  as  well  as  glycocoU,  alanin,  leucin  and  tyrosin  increased 
oxidation.  We  (3)  had  found  that  whatever  increased  oxidation  in 
the  body  produced  a  corresponding  increase  in  catalase  by  stimulate 
ing  the  digestive  glands,  particularly  the  liver,  to  lai  increased  output 
of  this  enzyme,  and  that  whatever  decreased  oxidation  produced  a 
corresponding  decrease  in  catalaee  by  decreasing  the  output  from  the 
hver  and  by  the  direct  destruction  of  the  enzyme  in  the  blood  and 
tissues.  The  object  of  the  present  investigation  was  to  determine  if 
the  ingestion  of  amino-acids  such  as  glycocoll  and  alanin  would  produce 
an  increase  in  catalase  parallel  with  the  increase  produced  in  oxidation, 
and  whether  amino-acids  such  as  glutamic  and  aspartic  would  produce 
no  increase  in  catalase  in  keeping  with  Lusk's  contention  that  they  do 
not  increase  oxidation,  or  whether  they  would  produce  an  increase  in 
catalase  in  keeping  with  Grafe's  contention  that  the  ii^stion  of  these 
two  amino-acids  does  increase  oxidation.  The  effect  of  the  ingestion 
of  an  adequate  and  of  an  inadequate  protein  was  also  studied.  The 
adequate  protein  used  was  casein  and  the  inadequate  one,  gelatin. 
A  digest  of  each  of  these  proteins  was  made  by  adding  200  cc,  of  acti- 
vated pancreatic  juice  to  300  grams  of  each  of  the  proteins  in  a  small 
amount  of  a  1  per  cent  sodium  carbonate  solution.  This  material  was 
kept  in  a  thermostat  at  WC.  for  200  hours.  Thymol  was  the  preserv- 
ative used.  The  amounts  of  the  amino-acids  used  were  5  grams  per 
kilc^am  of  body  weight  of  the  animal.  The  glutamic  and  aspartic 
acids  were  given  in  the  form  of  the  sodium  salts  and  in  concentrated 
solutions.  The  glycocoll  and  alanin  were  given  in  as  concentrated 
351 
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solutiouB  as  could  be  made  with  distilled  water.  The  whole  of  the 
300  grams  of  the  protein  digests  was  used. 

After  etherizing  the  animals  and  opening  the  abdominal  wall,  the 
materials  were  introduced  into  the  intestine  under  pressure  from  a 
bottle  through  a  rubber  tube  and  an  attached  hypodermic  needle. 
The  catalase  in  0.5  cc.  of  blood  taken  directly  from  the  liver,  the  portal 
and  jugular  veins  was  determined  before  as  well  as  at  fifteen-minute 
intervals  after  the  introduction  of  the  difEerent  materials.  The  blood 
of  the  liver  was  collected  from  a  superficial  incision  made  in  this  organ. 
The  catalase  was  determined  by  adding  0.5  cc.  of  blood  to  50  cc.  of 
diluted  hydrogen  peroxide  in  a  bottle  at  approximately  22°C.,  and  the 
amount  of  gas  liberated  in  ten  minutes  was  taken  as  a  measure  of  the 
amount  of  catalase  in  the  0.5  cc.  of  blood. 

In  figure  1  under  glycocoll,  alanin,  glutamic  acid,  aspartic  acid, 
asparagin,  (glutamic  acid,  glycocoll),  (aspartic  acid,  glycocoll),  (as- 
paragin,  glycocoll),  are  given  curves,  constructed  from  data  obtained 
from  dogs  before  as  well  as  at  fifteen-minute  intervals  after  the  intro- 
duction of  these  materials  into  the  alimentary  tract.  The  figures 
along  the  ordinate  represent  amounts  of  catalase  measured  in  cubic 
centimeters  of  oxygen  and  the  figures  along  the  abscissae,  time  in 
minutes.  The  continuous  line  curves  were  constructed  from  data 
obtained  from  the  blood  of  the  liver,  the  discontinuous  line  curves 
from  the  blood  of  the  portal  vein,  and  the  dotted  line  curves  from  the 
blood  of  the  jugular.  It  may  be  seen  in  figure  1,  dc^l,  under  glycocoll, 
that  previous  to  the  introduction  of  the  glycocoll,  0.5  cc,  of  blood  from 
the  Uver  liberated  84  cc.  of  oxygen  from  hydrogen  peroxide  while  0.5 
cc,  of  blood  from  the  portal  and  jugular  veins  liberated  64  and  66  cc. 
respectively.  After  the  introduction  of  the  glycocoll  the  catalase  of 
the  blood  of  the  liver,  portal  and  ji^ular  veins  was  increased  as  is  indi- 
cated by  the  increase  in  the  amoimt  of  oxygen  liberated  from  the  hy- 
drogen peroxide.  The  catalase  of  the  blood  of  the  liver  was  increased, 
particularly  during  the  first  fifteen  minutes,  more  rapidly  than  that  of 
the  portal  or  jugular  veins.  This  is  taken  to  mean  that  the  glycocoll 
was  stimulating  the  liver  to  an  increased  amount  of  catalase.  That  the 
liver  is  continuously  replenishing  the  blood  and  hence  the  tissues  with 
catalase  ia  shown  by  the  fact  that  the  blood  of  the  liver  is  always  richer 
in  catalase  by  15  to  20  per  cent  than  the  blood  from  any  other  part 
of  the  body.  The  fact  also,  as  shown  in  a  previous  publication,  that 
the  introduction  of  a  substance,  such  as  ethyl  alcohol,  which  normally 
produces  a  great  increase  in  catalase,  produced  a  very  small  or  no  in- 
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crease  after  the  liver  was  cut  out  of  the  circulation  by  an  Eck  fistula 
aud  by  Ugating  the  hepatic  artery  was  taken  to  mean  that  the  liver  is 
the  organ  principally  responsible  for  the  production  of  catalase.  It 
may  be  seen  that  the  alanin  also  produced  an  increase  in  catalase  while 
the  glutamic  and  aspartic  acids  and  asparagin  did  not.  It  may  also 
be  seen  imder  (glutamic  acid,   glycocoU),    (aspartic   acid,   glycocolt) 
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Fig.  2.  Curves  showing  the  etTect  of  the  introduction  into  the  intestines  of  a 
pancreatic  digest  of  an  adequate  protein,  casein,  and  of  an  inadequate  protein, 
gelatin.  The  figures  (0-80)  along  the  abecisBa  indicate  time  in  minutes,  and  the 
figures  (0-50)  along  the  ordinate,  percentage  increase  in  the  catalase  of  the  blood. 

and  (asparagin,  glycocoll)  that  after  the  introduction  of  aspartic  and 
glutamic  acids  and  asparagin  had  produced  no  increase  in  catalase, 
the  introduction  of  glycocoll  produced  a  very  marked  increase. 

In  figure  2  the  curves  were  constructed  from  data  obtained  before 
as  well  as  at  fifteen-minute  intervals  after  the  introduction  into  the 
intestines  of  a  pancreatic  digest  of  300  grams  of  casein  and  of  300 
grams  of  gelatin.     The  digest  of  each  of  these  proteins  was  prepared 
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and  introduced  as  already  described.  It  will  be  seen  that  the  introduc- 
tion of  the  digests  of  the  adequate  protein,  casein,  as  well  as  of  the 
inadequate  protein,  gelatin,  increased  the  catalase  of  the  blood  very 
extensively,  in  keeping  with  the  fact  that  the  ingestion  of  these  pro- 
teins increases  oxidation. 


The  ingestion  of  amino-acids  such  as  glycocoll  and  alanin  produces 
an  increase  in  catalase  with  resulting  increase  in  oxidation,  by  stimulat- 
ing the  digestive  glands,  particularly  the  liver,  to  an  increased  output 
of  this  enzyme;  while  the  ingestion  of  amino-acids  such  as  glutamic 
and  aspartic  produces  no  increase  in  catalase,  in  keeping  with  the  fact 
that  they  cause  no  increase  in  oxidation. 

The  introduction  of  the  digest  of  the  adequate  protein,  casein,  as 
well  as  the  digest  of  the  inadequate  protein,  gelatin,  produces  an  in- 
crease in  the  catalase  of  the  blood,  in  keeping  with  the  fact  that  the 
ingestion  of  these  proteins  brings  about  an  increase  in  oxidation. 
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The  experiments  tabulated  below  were  performed  to  obtain  infor- 
mation concerning  the  regeneration  and  source  of  blood  proteins,  their 
fluctuation  under  abnormal  conditions  and  their  function  in  the  body- 
economy.  The  experimental  evidence  is  sufficient  to  show  that  the 
regeneration  of  blood  serum  proteins  is  quite  slow,  in  fact  a  matter  of 
several  days,  following  a  marked  depletion  of  blood  proteioB.  This  is 
.  in  striking  contrast  to  the  rapid  regeneration  of  fibrinogen  (one  of  the 
blood  plasma  proteins),  which  has  been  studied  previously  by  Whipple 
(1)  and  Goodpasture  (2).  Regeneration  of  the  blood  serum  proteins 
can  take  place  during  starvation,  although  not  as  rapidly  as  on  a  fuU 
diet,  but  this  shows  that  the  body  can  manufacture  these  proteins  at 
the  expense  of  other  body  proteins  or  perhaps  by  conserving  the  amino 
acids  which  result  from  the  protein  katabolism  of  starvation. 

It  is  not  necessary  to  review  the  rather  extensive  literature  on  this 
subject  as  excellent  reviews  by  Morawitz  (3)  in  1909  and  Rowe  (4)  in 
1916  are  available.  It  is  to  be  noted  that  all  the  earher  workers 
failed  to  demonstrate  any  constant  fluctuations  in  the  blood  proteins 
during  periods  of  fasting  or  after  heavy  feeding.  Some  observers 
noted  a  relative  increase  in  globuhns  at  the  expense  of  albumins  after 
long  periods  of  fasting  and  others  deny  that  these  fluctuations,  are  in 
excess  of  those  noted  in  normal  animals  under  the  usual  experimental 
conditions.  We  can  agree  with  the  general  opinion  that  the  blood  serum 
proteins  show  but  minimal  fluctuations  during  periods  of  fasting  or 
after  heavy  feeding  and  such  fluctuations  may  be  observed  in  normal 

>  Wm.  J.  Kerr,  Sheldon  Traveling  Fellow  in  Research  Medicine,  1910-1917, 
Harvard  University,  Cambridge,  MasaachuBetts. 
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animals  (compare  table  1).  Out  obaervatione  go  to  show  that  the 
amounts  of  blood  proteine  in  dogs  may  vary  more  in  different  Einimals 
than  in  the  same  animal.  In  other  words,  a  given  dog  has  his  normal 
protein  level  which  shows  only  slight  fluctuations,  but  this  level  may 
differ  considerably  from  the  level  of  another  normal  dog. 

The  earlier  workers  employed  methods  for  the  estimation  of  blood 
proteins  which  required  large  amounts  of  blood  and  at  once  introduced 
the  factor  of  hemorrhage  if  many  observations  were  to  be  recorded 
on  the  same  animal  within  a  short  period  of  time.  The  labor  neces- 
sary to  isolate  these  various  proteins  was  great  and  precluded  any  large 
series  of  observations  by  any  single  worker.  We  felt  that  it  was  very 
important  to  make  frequent  observations  during  any  given  experiment  in 
order  to  get  any  clear  understanding  of  the  curve  of  blood  protein  regen- 
eration uninfluenced  by  great  loss  of  blood. 

The  refractometric  method  of  Robertson  (5)  for  the  estimation  of 
blood  protein  lends  itself  admirably  to  such  work  and  made  possible 
these  experiments.  It  is  of  interest  to  note  that  our  figures  are  in 
accord  with  those  of  Morawitz  (6),  who  used  the  older  methods  of  pre- 
cipitation and  analysis  but  very  similar  methods  to  deplete  the  blood 
proteins.  This  indicates  that  the  figures  obtained  by  the  refractometer 
corresponded  to  those  obtained  by  the  other  methods.  We  have  re- 
corded elsewhere  (7)  the  values  of  blood  proteins  observed  in  normal 
dogs  and  a  detailed  description  of  the  methods. 

UETHODS 

Dogs  were  used  for  all  these  experiments  and  all  remarks  unless 
otherwise  stated  refer  to  d(^8  and  their  blood  serum  proteins.  All 
operative  procedures  were  done  under  complete  surreal  ether  anaes- 
thesia. So  far  as  we  are  aware,  Morawitz  was  the  first  worker  to 
employ  the  method  of  plasma  depletion  as  used  in  these  experiments. 
The  method  is  very  simple  and  consists  of  bleeding  the  animal  from 
the  artery  and  introducing  into  the  vein  red  corpuscles  washed  and 
suspended  in  saline  solution,  Locke's  solution  or  some  modification  of  a . 
protein-free  solution.  The  red  cell  Locke's  solution  mixture  may  be 
given  during  the  arterial  bleeding  or  after  the  bleeding.  Morawitz 
used  the  former  method.  This  method  was  used  by  Abel,  Kowotree 
and  Turner  (8)  and  called  "Plasmapharesis."  We  wish  to  use  the 
term  to  indicate  a  withdrawal  of  whole  blood  and  replacement  of  washed 
red  corpuscles  suspended  in  Locke's  solution  or  some  modification  of 


yGoogIc 


358  W.  J,  KERB,  8.  H.  HURWITZ  AND  Q.  H.  WHIPPLE 

this  medium.  However  this  procedure  may  be  used  it  effects  a  dilution 
or  depletion  of  the  plasma  and  removes  plasma  proteins  in  large  amounts. 
The  experiment  can  be  repeated  frequently  during  the  day  and  the 
blood  proteins  can  be  reduced  to  a  low  level  without  any  anemia  or  fall 
in  the  volume  of  red  blood  cells.  If  these  exchanges  are  done  with 
care  and  proper  regard  for  clinical  evidences  of  shock,  the  plasma  de- 
pletion can  be  carried  from  6  per  cent  protein  to  2  per  cent  and  even 
as  low  as  1  per  cent  serum  protein.  If  the  exchanges  are  too  rapid  or 
too  large  in  amount  the  dog  will  go  into  a  condition  of  profound  shock 
which  will  be  discussed  in  detail  in  a  future  publication. 

In  our  first  experiments  we  had  some  trouble  with  subsequent  in- 
fection at  the  site  of  operation  in  the  neck  or  groin  where  the  vessels 
were  exposed,  but  improved  technique  did  away  with  this  factor' and  the 
wounds  healed  in  two  to  three  days  with  a  minimum  reaction.  Id 
these  experiments  the  blood  was  drawn  into  clean  glass  containers 
into  oxalate  or  citrate  and  centrifuged  to  separate  the  plasma.  The 
red  cells  were  washed  at  least  twice  to  remove  all  proteins  and  sus- 
pended in  Locke's  solution  or  Locke's  solution  containing  3  to  4  per 
cent  giun  acacia  made  up  to  the  original  volume.  These  collections 
and  washings  were  not  done  with  complete  aseptic  precautions  but 
some  later  experiments  done  with  every  aseptic  caution  gave  identical 
results.  In  some  experiments  we  used  washed  red  corpuscles  obtained 
from  another  normal  dog,  but  in  other  experiments  (tables  4,  5  and  6) 
the  corpuscles  were  obtained  from  the  same  dog  on  the  day  before  the 
complete  experiment  was  carried  out.  No  differences  in  experimental 
result  can  be  attributed  to  these  differences  in  red  blood  corpuscles. 

The  blood  proteins  were  estimated  by  the  refractometric  method  of 
Robertson  (5),  The  greater  part  of  the  readings  was  made  by  the 
same  individual  and  with  but  one  exception  the  readings  given  in  any 
one  table  were  all  made  by  the  same  individual  to  minimize  fluctua- 
tions which  may  be  due  to  personal  factors. 

Metabolism  experiments  were  done  in  the  usual  cages  which  make 
possible  an  accurate  collection  of  urine.  The  dogs  were  catheterized 
.  at  the  end  of  every  24-hour  period,  the  bladder  washed  out,  the  animal 
weighed  and  given  a  uniform  amount  of  water  by  stomach  tube — usu- 
ally 400  CG.  The  urinary  collections  and  cage  washings  were  made  up 
to  a  unit  volume  and  analyses  of  nitrogen  by  the  Kjeldahl  method 
done  in  duphcate. 

The  estimated  blood  volumes  were  calculated  as  7.5  per  cent  of  the 
body  weight.     Experiments  soon  to  be  published  will  indicate  that  this 
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figure  is  below  the  actual  blood  volume  figure  which  will  average  about 
10  per  cent  according  to  the  accurate  determinations  in  the  normal  dog 
made  possible  by  an  improved  dye  method  for  blood  volume  estimation. 
The  figures  for  total  blood  volume  per  cent  exchange  as  given  in  the 
tables  are  actually  about  30  per  cent  too  high.  We  hope  to  report 
other  experiments  in  which  this  factor  is  accurately  controlled. 

EXPERIMENTAL   OBSERVATIONS 

All  the  results  are  given  in  the  form  of  tables  and  unless  otherwise 
stated  the  dogs  were  in  normal  condition  during  the  entire  experiment. 
It  will  be  noted  that  several  series  of  observations  (for  example,  tables 
4  and  5}  were  made  upon  the  same  animal  under  the  same  or  different 
experimental  conditions.  This  gives  additional  data  concerning  the 
normal  fluctuations  of  plasma  proteins  during  varying  intervals  of 
time  in  the  same  animal.    Table  1  is  given  here  to  furnish  data  of  a 

TABLE  1 

Serwri  atbumin,  globulin  and  total  protein  after  feeding  and  after  fasting 
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characteristic  experiment  which  shows  the  negative  result  of  fasting 
and  heavy  feeding  upon  the  blood  serum  proteins  of  a  normal  dog. 
This  is  in  harmony  with  the  work  of  other  experimenters  who  used  dif- 
ferent methods.  "Protein  quotient"  in  table  1  is  a  figure  obtained  by 
dividing  the  albumin  per  cent  by  the  globulin  per  cent  and  does  not 
vary  very  greatly  in  a  normal  dog.  With  increase  in  the  globulin  this 
protein  quotient  approaches  one  and  there  may  be  inversion  of  the 
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Dormal  ratio  giving  a  protein  quotient  of  0.5  or  even  less.  Such  in- 
version is  often  present  in  infections  and  intoxications  as  pointed  out 
in  detail  in  other  publications  from  this  laboratory  (7  and  9).  The 
"protein  quotient"  is  not  figured  in  the  other  charts  as  we  do  not  wish 
to  emphasize  this  figure  in  these  experiments. 

Tables  2  and  3  give  the  results  of  two  experiments  which  ate  good 
examples  of  others  similarly  performed.    Table  2  illustrates  a  moder- 
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ate  depletion  of  serum  proteins  to  only  60  per  cent  of  normal.  The 
body  is  able  to  regenerate  to  the  normal  serum  protein  level  only  after 
eight  days,  with  zero  food  intake.  It  will  be  seen  that  in  the  days 
following  the  plasmapharesis  the  globulins  tend  to  heap  up  faster  than 
the  albumins.  This  may  be  due  to  some  infection  during  the  experi- 
ment or  more  probably  to  the  shock  of  the  experiment  as  shown  in  later 
tables.     It  may  be  evidence  that  the  serum  globulins  are  regenerated 
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faster  than  the  albumins  or  that  during  this  forced  regeneration  the 
precipitation  values  of  these  proteins  may  vary  from  nonnal. 

Table  3  gives  the  results  of  a  slightly  different  experiment.  At  the 
Iseginning  of  the  experiment  a  lar^  amoimt  of  Locke's  solution  was 
introduced  and  this  was  followed  at  once  by  the  usual  plasmapharesia 

TABLE  I 

Dog  le-IIS.     Hydraemic  plethora.     PlaamaphaTeai*.     Ifegeneralion  of  serum 
proteins.    Faating 
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P 

i 

i 

i 
1^ 

Jii 

—*"• 

IB17 

4,9 

2.8 
2.6 

1.8 

1.6 
1.7 

2.6 
2.9 
3.2 
3.6 
3.7 
3.6 
3.8 
3.8 

3,6 
3,9 
3.9 
4.0 

4.1 
4.1 
4.8 

3-4 

1.7 
1.6 

0.9 
0.8 
0.9 

1.2 
1.3 
1.8 
1.9 
1.7 
1.9 
1.9 
1.9 

2,0 
2  1 
2.1 
1.6 

2.3 

2,1 
2,9 

per 
ctnt 

1.5 

1.1 
0.9 

0.9 
0,8 
0.8 

1.3 
1.6 
1.4 
1.7 

2,0 
1,7 
2.0 
1.9 

1.6 
1.8 
1.8 

2,4 

1.8 
2.0 
1,9 

vr 
2.3 

1.7 
2,0 

2.2 
2.3 
2.6 

2.1 
2.4 
2.3 
2.2 
2,0 
2.1 
1,9 
2.0 

1.7 
18 

1.8 
1.9 

2.0 

1,8 
1.8 

16.75 
16.25 

16.25 
15.75 
15. SO 
14.63 
14.25 
14,00 
13.63 
13.26 

13.63 
13.28 
13,63 

13.50 
14.00 
13,63 

Bled  170  cc.  into  20  cc.  10  per 
cent  sodium  citrate  solution 

Hydraemic  plethora.  1000  oc. 
Locke's  solution  introduced  in- 
to femoral  vein  before  plas- 
mapharesia 

volume  555  cc.  Bled  1070  cc. 
in  4  bleedings  of  150-400  cc. 
each.  Total  192  per  cent  of 
blood  volume.  Reinjected 
1920  cc. 

May  16 

Specimen  1. . . 
Specimen  2. . . 

Specimen  4. . . 

Wound  O.K 

Slight  hemolysis 

bleeding 

Slight  turbidity  of  serum.  Meat 
diet 

Junel 

June  4 
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during  which  920  cc.  of  red  blood  cell  Buspension  were  injected  and 
bleedings  of  1070  cc.  were  removed.  This  procedure  removes  more 
blood  protein  but  also  intensifies  the  shock  and  the  chances  of  a  fatal 
result  are  greater.  Removal  of  192  per  cent  of  the  estimated  blood 
volume  lowered  the  blood  proteins  to  1.7  per  cent  The  curve  of  re- 
generation is  quite  slow  during  nine  days  of  fasting  and  was  not  rapid 
even  on  a  meat  diet.  Thus  table  3  illustrates  the  difficulty  with  which 
the  body  regenerates  serum  protein  when  the  circulating  protein  is  de- 
pleted and  probably  the  reserve  supply  called  out.  During  the  first 
week  there  is  a  tendency  for  the  globulins  to  increase  more  rapidly 
than  the  albumins. 

The  three  tables  below  (tables  4,  5  and  6)  are  very  similar  and  give 
nteresting  data  concerning  the  basal  nitrogen  metabolism.  Following 
the  plasma pharesis  there  is  a  definite  rise  of  nitrogen  elimination  in  the 
urine — often  one  or  two  grams  of  nitrogen  above  the  normal  base  line 
to  be  noted  in  each  of  the  two  days  following  the  plasmapharesis.  The 
curve  of  nitrogen  elimination  resembles  exactly  that  reported  by 
Whipple  and  Cook  (10)  following  the  intravenous  injection  of  proteose 
material.  We  wish  to  assume  that  in  both  cases  we  are  recording  a 
definite  injury  to  body  protein,  in  one  case  due  to  the  sudden  dilution  of 
the  plasma  and  in  the  other  case  due  to  the  action  of  toxic  proteose  on 
the  body  protein. 

Furthermore,  there  is  no  evidence  of  any  increased  protein  breakdown 
during  the  period  of  prolonged  effort  on  the  part  of  the  body  to  build 
up  the  blood  serum  proteins.  There  is  the  period  of  two  to  three  days 
or  longer  following  the  plasmapharesis  in  which  the  nitrogen  elimination 
is  much  above  normal;  then  follows  a  period  of  normal  nitrogen  elimi- 
nation for  a  week  or  more  while  the  body  is  still  making,  up  the  serum 
protein  deficit.  During  the  last  period  there  is  no  evidence  tiiat  the 
body  is  breaking  down  protein  to  furnish  the  material  to  construct  the 
necessary  serum  proteins.  The  protein  breakdown  is  that  normally 
observed  in  the  fasting  dog.  Some  observers  may  wish  to  explain  the 
primary  rise  in  urinary  nitrogen  after  plasmapharesis  as  due  to  an 
emergency  reaction  to  supply  the  urgently  needed  serum  proteins. 
We  believe  the  evidence  is  more  in  favor  of  the  explanation  that  the 
rise  in  basal  nitrc^en  elimination  is  due  to  actual  injury  of  body  protein 
associated  with  the  shock  of  the  plasma  dilution.  Table  6  gives  an  ex- 
■  cellent  example  of  acute  and  almost  fatal  shock  following  a  small  but 
rapid  plasmapharesis.  An  exchange  of  50  per  cent  of  the  estimated 
blood  volume  caused  severe  clinical  shock  with  low  blood  pressure  and 
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temperature,  vomiting  and  diarrhoea.  Dog  was  in  poor  condition  when 
removed  to  hie  c^e.  The  recovery  the  next  day  was  perfect  and  the 
rise  in  basal  nitrogen  is  not  marked. 
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1917 
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V 
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VMoit 

February  19 

5.2 

3,6 

'l.6 

2.0 

1,88 

19.38 

400  cc.  water  daily  by 
stomach  tube 

FebniftiyM 

4,9 

3.5 

1.4 

2,2 

1,68 

18.06 

Bled  150  cc.  into  eodium 
citrate  solution 

February  21 

2,10 

18,44 

Plasmapharitii:         Esti- 

Specimen 1.,.. 

4.7 

3,5 

1.2 

2,4 

mated  blood  volume  630 

Specimen  2..., 

3.9 

3,1 

0,8 

2.2 

cc.     Bled   740  cc.   in  S 

3.1 

1,8 

1,3 

2,4 

bleedings  of  from  75  to 

^ecimen4.... 

3.1 

2,0 

1,1 

2.5 

160  cc.  each  -  120  per 

Specimen  5 

2,6 

2,0 

0,6 

2,9 

cent  of  blood  volume. 

Specimen  a.... 

2-2 

1.8 

0,4 

3,1 

Reinjected  845  cc.  of 
Locke's  acacia  solution 

February  22 

3.1 

3.89 

18.44 

Hemolysis 

February  23 

2,7 

1.2 

l.S 

3.7 

4.45 

17.63 

Hemolysis 

February  24 

3.1 

I.I 

2.0 

3.3 

3.14 

17.13 

400  cc,  water  by  stomach 
tube 

February  26 

3.SS 

17,00 

February  26 

3.5 

2.0 

1,5 

2.9 

3.00 

16,63 

February  27 

1.5 

2.S 

1,7 

2,7 

2,44 

16,44 

February  28 

4.1 

2.3 

1,8 

2.5 

2,13 

16,19 

March  1 

3.9 

2.2 

1,7 

2,6 

1,82 
1,74 

15.88 
16,56 

March  2 

75  gm,  sugar  in  400  cc. 
water  by  gavage 

March  3 

4,3 

2.6 

1.7 

2.2 

2,02 

15,38 

75  gm.  sugar  in  400  ec. 

water 

March  4 

1,57 

14.88 

March  5 

5,0 

2,8 

2,2 

2,4 

1,40 

14.63 

Small  amount  lean  meat 

March  6 

4.9 

3,1 

1,8 

2.5 

Liberal  meat  diet 

March  8 

5.9 

3.3 

2.6 

2.3 

16.00 

Liberal  meat  diet 

Tables  4  and  5  give  the  results  of  similar  experiments  on  the  same 
dog  at  different -times  and  illustrate  beautifully  the  slow  protein  regen- 
eration which  follows  the  depletion  of  a  plasmapharesis.     The  normal 
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TABLE  I 

Dog  17-140.    Regeneration  of  serum  proteine.    Metabolisi 


1917 
April  24 

April  25 

Specimen  I,. 
Specimen  2. , 


April  26... 
April  27. . . 

April  28... 
April  29, . . 
April  30... 
M&y  I... 
May  2... 
May  3, . . 
May  4. . . 
May  5... 
May     6. . . 

May  8. . . 

May  9, . . 

May  10.., 

May  II... 

May    12... 

May   13.,. 


Bled  220  cr.  into  citrate 
solution 

PlamtaphareeU:  Esti- 
mated blood  volume  690 
cc.  Bled  700  cc.  in  4 
bleedin)!H  of  ISO  to  ISO 
cc.  each.  Total  101 
per  cent  of  blood  vol- 
ume.     Reinjected    860 

solution 
Slight  infection  of  wound 
400    cc.    water    daily    by 

stomach  tube 

Marked  hemolysis 
Moderate  hemolysis 
Moderate  hemolysis 


Slight  h«nolysis 
Moderate  hemolysis 

Moderate  hemolysis 
Moderate  bemolyaia.     50 

gm,  cane  sugar  in  water 

by  gavage 
50  gm.  cane  Bugar  and  25 

gm.  glucose  in  water  by 

gavage 
50  gm.  cane  sugar  and  25 

gm,  glucose  in  water  by 

gavage 
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TABLE  i-CarUinuii 
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4.7 

4.4 
4-3 
4.4 
4.3 
4,6 

5,0 
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2,7 
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2,7 
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1.7 

1.7 
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1.5 
1.2 
1.9 
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2.4 

2.4 
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2,4 
2.1 
2.0 
2.0 

2.1 

2,2 
2.2 

2.9 

gnmt 
1.48 

1.65 

pa™  J. 
14.13 

14.00 

14.50 
15.25 

15.50 
15.88 
15.75 

15-fiO 
16.06 

17.13 

May.  15 

gm.  glucose  in  water  by 
Ravage 
Metabolism  discontinued. 
On  bread  and  milk  diet 
after  bleeding 

ing 

lyBi8         _        _. 

periment  discontinued 

healthy  fasting  dog  can  regenerate  serum  proteins  only  with  di£Scu]ty 
and  complete  repair  from  a  depletion  of  40  to  50  per  cent  takes  many 
days — usually  ten  or  more.  In  many  similar  experiments  we  have  no 
record  of  complete  regeneration  to  the  normal  level  while  the  dog  was 
fasting.  When  the  depletion  is  not  as  great  the  regeneration  may 
take  the  serum  proteins  practically  back  to  normal  in  about  ten  days, 
with  no  food  intake.  Table  4  shows  in'  an  extreme  degree  the  change 
which  may  appear  in  the  non-protein  fraction  by  this  refraction  metric 
method.  During  a  plasmapharesis  there  is  usually  a  rise  in  the  non- 
protein fraction  and  this  may  appear  on  several  days  following  the 
plasma  depletion.  The  increase  in  this  experiment  is  almost  50  per  cent 
above  normal  {table  4)  and  the  non-protein  fraction  remains  high  on  the 
three  succeeding  days.  There  is  no  similar  change  in  the  non-protein 
nitrogen  as  determined  by  the  usual  methods — for  example,  by  tro- 
chloracetic  acid  precipitation  of  serum  proteins  and  Kjeldahl  de- 
terminations of  nitrogen  in  the  filtrate.  During  a  long  plasmapharesis 
the  urea  and  non-protein  nitrogen  of  the  blood  plasma  determined  by 
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Dog  17-lSO.     iUgeneration  of  serum  proteint.     MttoboUtm 
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1.8 
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1.2 
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3.6 
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2.2 

2.63 

12.63 
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2.04 
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1.97 
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1.65 
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2,0 

1,60 

10.88 

4.6 

2.6 
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2,0 

1.51 

10.60 

4.1 

1.3 

2.8 

2,2 

11.8* 
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2  3 

3  0 

12,31 
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2.2 

2.7 

2,4 

5,2 

2.6 

2,6 

2,0 

13,25 

4.9 

2.4 
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3.2 

1.8 
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1917 
March  26 

March  27 

Mitrch.28.... 
Specimen  1. 
Specimen  2 
Specimen  3 


March  29. 
March  30. 

March  31 . 
April  1. 
April  2. 
April  3. 
April      4- 

April  6. 

Aprii  7. 

April  8. 

April  9. 

April  10. 

April  II. 

April  13. 

April  14. 

April  16. 

April  17. 

April  18. 


400  cc.  vater  daily  by 
Btomach  tube 

Bled  150  ec.  in  15  CO.  10 
per  cent  sodium  citrate 
solution 

PUHmaphareng:  Esti- 
mated blood  volume  4S0 
ec  Bled  230  cc.  is  2 
bleedings  —  50  per  cent 
blood  volume.  Rein- 
jected 460  cc.  in  Locke's 
acacia.  Animal  in 
shock.  Diarrhoea.  Re- 
turned to  cage  in  poor 
condition 

Good  condition 

400  cc.  water  daily  by 
stomach  tube 

Wound  O.K. 


Slight  hemolysis  of  serum 

Animal  weak.  Bread  and 
milk  diet.  Small 
amount 

Feedings  increased 

Extra  diet 

Lipaemic  serum 

Lipaemic  serum 


Experiment  discontinued 
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any  of  the  cliri&l  methods  will  show  a  slight  rise  above  normal — 
even  at  times  50  per  cent  above  normal,  but  this  change  is  very  transient 
and  returns  to  normal  in  a  few  hours. 

The  non-proteiii  fraction  as  given  in  the  charts  represents  a  great 
variety  of  substances  in  the  serum  not  precipitated  by  acetic  acid — 
the  salts,  sugar,  urea,  etc.  What  substance  explains  the  increase  in 
the  non-protein  fraction  under  these  conditions  we  do  not  venture  to 
state.  There  may  even  be  a  change  in  the  precipitation  value  of  the 
proteins.  Work  is  in  progress  which  may  throw  some  light  on  this 
point. 

DISCUSSION 

Many  efforts  have  been  made  to  show  some  definite  relationship 
between  the  blood  proteins,  tissue  proteins  and  food  proteins.  It  is  a 
natural  enough  assumption  that  the  circulating  blood  proteins  play  an 
important  part  in  nutrition  of  body  cells,  but  all  efforts  to  prove  this 
point  have  failed  and  the  more  recent  work  on  the  amino  acids  makes 
it  clear  that  plasma  proteins  do  not  necessarily  represent  a  transition 
stage  between  food  protein  and  body  tissue  protein.  It  is  known  that 
the  blood  proteins  show  no  definite  change  in  hunger  or  after  heavy  pro- 
tein feeding,  but  we  are  familiar  with  other  substances  in  the  blood 
which  maintain  a  very  constant  level  in  health  (for  example,  glucose) 
where  a  rapid  transfer  is  known  to  take  place  between  the  food  and  body 
tissues  through  the  blood.  So  the  constant  level  of  blood  proteins  in 
hunger  or  after  feeding  gives  no  proof  that  the  blood  proteins  are  not 
concerned  in  the  transfer  of  proteins  from  the  food  to  the  body  tissues. 
But  when  by  experiment  we  reduce  the  blood  proteins  to  a  low  level 
(to  33  per  cent  or  even  to  20  per  cent  of  normal)  and  follow  the  slow 
regeneration  to  normal  in  five  to  ten  days  on  a  meat  diet  we  are  fairly 
certain  that  these  blood  serum  proteins  cannot  be  actively  concerned 
as  b-ansition  products  of  protein  metaboUim  standing  between  food 
proteins  and  body  tissue  proteins;  otherwise  the  return  to  normal  would 
be  expected  to  take  place  within  twenty-four  hours  or  less.  We  are 
convinced  that  these  experiments  give  sufficient  proof  that  the  blood 
serum  proteins  are  not  directly  concerned  in  the  protein  metabolism  as 
intermediary  products  of  exchange  between  food  protein  and  body  tis- 
sue protein.  We  hope  to  submit  evidence  to  show  that  these  blood 
serum  proteins  serve  a  very  important  function  in  maintaining  the  nor- 
mal equilibrium  of  the  parenchyma  cells. 
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When  the  serum  proteins  have  been  depleted  to  a  lo*  level  by  means  of 
repeated  plaamapharesis  the  dog  will  show  a  slow  regeneration  of  these 
plasma  proteins.  On  starvation  this  curve  may  not  rise  to  normal  in 
ten  to  fourteen  days  yet  the  nitrogen  elimination  in  the  urine  may  be 
normal  after  the  first  few  days.  There  will  be  no  variation  from  nor- 
mal in  the  blood  urea  and  non-protein  nitrogen  after  the  evidences  of 
clinical  shock  have  vanished.  Yet  we  cannot  say  with  conviction 
that  the  body  does  or  does  not  break  down  any  excess  body  protein  to 
form  the  serum  proteins  which  surely  are  formed  during  this  period  of 
zero  protein  intake.  We  may  assume  that  the  body  conserves  certain 
amino  acids  and  builds  them  into  the  necessary  serum  proteins  but 
there  is  no  evidence  of  nitrogen  retention  (tables  4,  5  and  6) .  It  must 
be  admitted  that  the  body  may  break  down  cell  protein  and  recast  it 
into  serum  protein  without  changing  the  basal  nitrogen  elimination. 
These  several  possibilities  are  to  be  considered  and  at  this  time  we 
cannot  emphasize  one  to  the  exclusion  of  another. 


Serum  proteins  may  be  reduced  to  a  low  level  in  the  normal  dc^  by 
means  of  repeated  bleedings  and  simultaneous  injections  of  washed 
blood  cells  suspended  in  sonie  protein-free  medium  (e.g.,  Locke's 
solution). 

Regeneration  of  the  serum  proteins  may  be  followed  after  this  type 
of  plasma  depletion  (plasmapharesis).  This  regeneration  is  a  slow 
and  difficult  matter  occupying  many  days — often  seven  to  fourteen 
days  when  the  ordinal  depletion  removed  50  per  cent  or  more  of  the 
total  serum  protein. 

This  depletion  presumably  is  the  maximal  stimulus  for  body  produc- 
tion of  serum  protein,  yet  there  is  a  marked  delay  in  regeneration.  It 
seems  that  the  body  can  produce  serum  proteins  only  in  small  amounts 
even  in  an  emei^ency. 

Serum  proteins  can  be  regenerated  when  there  is  no  protein  intake  in 
the  food,  therefore  the  serum  proteins  must  be  formed  from  the  body 
proteins  under  such  circumstances. 

The  basal  nitrogen  metabolism  shows  no  constant  variation  under 
these  experimental  conditions,  with  the  exception  of  a  primary  rise  in 
nitrogen  elimination  which  occurs  in  the  few  days  following  the  shock 
of  the  plasmapharesis. 

There  is  a  tendency  for  the  curve  of  globulin  regeneration  to  rise 
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faster  than  that  of  the  Benim  albumin.  This  may  be  due  to  the  initial 
shock  of  the  plasmapharesis  or  to  some  infection  and  s'ight  wound 
reaction.  It  may  possibly  be  due  to  more  rapid  production  of  serum 
globulin. 

We  have  no  evidence  of  any  constant  fluctuation  in  serum  proteins 
in  association  with  periods  of  fasting  or  heavy  protein  feeding.  The 
changes  observed  come  within  the  limits  observed  in  normal  dogs  under 
uniform  conditions. 

These  experiments  give  no  evidence  that  the  serum  proteins  may  be 
in  any  way  concerned  as  intermediary  products  between  food  protein 
and  body  tissue  or  parenchyma  protein. 
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The  experiments  tabulated  below  supplement  those  in  the  preceding 
paper  and  must  be  compared  with  them  in  any  analysia  of  results. 
The  experiments  were  performed  under  identical  conditions  described 
previously  and  the  figures  may  be  compared  without  any  allowance  be- 
ing necessary  to  cover  individual  variations  in  technique.  The  condi- 
■  tions  of  the  experiments  and  methods  have  been  described  in  the  pre- 
ceding communication. 

It  is  evident  that  the  curve  of  serum  protein  regeneration  rises  more 
promptly  to  normal  when  the  dog  is  on  a  full  diet  as  compared  with  a 
similar  experiment  upon  a  fasting  animal.  A  meat  diet  seems  to  be 
most  efficient  in  effecting  a  rapid  regeneration  of  aerum  protein.  Even 
under  the  most  favorable  conditions  of  diet  it  requires  from  five  to  eight 
days  to  regenerate  the  serum  proteins  to  normal  when  the  depletion 
has  been  carried  to  50  per  cent  or  33  per  cent  of  normal.  This  shows 
that  the  body  cannot  form  serum  protein  with  much  more  speed  than 
it  can  form  new  cells  in  parenchymatous  organs  (e.g.,  liver  cells). 

experimental  observations 

Tables  10  and  11  show  very  clearly  the  sharp  rise  in  the  regenera- 
tion curve  of  serum  proteins  which  is  associated  with  a  meat  diet.  In 
the  first  experiment  the  depletion  of  serum  protein  was  not  extreme — 
a  reduction  to  2.9  per  cent — and  the  regeneration  may  be  considered 
complete  in  five  days,  although  the  abnormally  high  figure  of  the  first 

■  Wm.  J.  Kerr,  Sheldon  Traveling  Fellow  in  Research  Medicine,  tftlS-1917, 
Barvard  University,  Cambridge,  Maasachuaetts. 
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Teading  ia  not  attained.     There  was  no  notable  increase  in  the  globulin 
iractioD. 

The  second  experiment  shows  a  great  depletion  of  the  serum  proteins 
-effected  by  eight  bleedings  amounting  to  157  per  cent  of  the  estimated 
blood  volume.  The  rise  in  the  non-protein  fraction  is  well  illustrated. 
The  curve  of  r^eneration  is  rapid  and  complete  in  eight  days  in  spite 
■of  the  initial  low  level. 


TABLE  10 

Dog  ie-116.    Rtoeneratiort  of  seru 

nt  prottiiu.    Meat  diet 

...„»,.... 

.„„ 

•'" 

1 

1 

1 

—« ■ 

1016 
March  15 

Specimen  I. . . 

Specimen  3. . . 

Specimen  S. . . 

March  16 

March  17 

March  18 

March  19 

March  SO 

March  22 

March  21! 

6.4 
5.4 
4.7 
3.5 
2.9 

3.6 

4.2 
4.4 
4.5 
6.0 
5.1 
5.4 

5.0 
4.1 
4.0 
2.5 
1.8 

2.3 

2.6 
2.8 
2.1 
3.0 
3.0 
3.8 

1.4 
1.3 
0.7 
1.0 
1.1 

1.3 

1.7 
1.6 
2.4 
2.0 
2.1 
1.6 

2.2 
2.1 

2.2 
2.4 

2.7 

2.0 

1.9 
1.8 
2.0 
1.0 
2.2 
2.2 

14.00 

13.75 

14.00 

13.50 
14.60 
16.00 

15.50 
17.00 

volume  480  cc.  Four  bleed- 
ings each  of  135  cc.  Total 
withdrawn  540  cc.  Reinjected 
600  cc.  Total  protein  reduced 
S5  per  cent 

Dog  active.  Wound  in  good 
condition 

Meat  diet 

Tables  12  and  13  show  the  curve  of  serum  protein  regeneration  on  a 
"mixed  diet."  By  this  term  we  mean  a  diet  of  table  scraps  including 
bones,  meat,  bread  scraps,  potatoes,  rice,  ete.,  given  in  liberal  amounts 
once  per  day.  Such  a  diet  of  course  is  rich  in  a  variety  of  proteins. 
Table  12  records  the  serum  protein  fluctuations  in  an  experiment  in 
which  the  plasma  depletion  was  considerable  and  the  shock  veiy  se- 
vere. Two  exchanges  were  performed  each  of  600  cc.  which  was 
slightly  more  than  the  total  estimated  blood  volume.  Such  lai^e  ex- 
changes are  always  associated  with  shock  and  often  with  fatal  shock. 
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This  dog  ehowed  profound  shock  and  had  not  recovered  the  next  day 
when  blood-stained  feces  were  passed.  The  depletion  of  the  blood 
plasma  proteins  is  not  as  great  as  attained  by  a  series  of  smaller  bleed- 
ings but  the  figures  are  relatively  low.  In  spite  of  the  profound  shock, 
the  regeneration  of  total  proteins  during  the  first  twenty-four  hours 
amounts  to  a  little  more  than  1  per  cent.    The  r^eneration  may  be 

TABLE  II 
Dog  IG-liO.     Regeneration  of  serum  profeiTis.     Meat  diet 


.™ 

aor„™ 

w..™. 

""' 

t 
1 

1 
3| 

1 
1^^ 

f 

»""-" 

1917 
February  26. . . 
February  27- . . 

February  28 

Specimen  1.  . 

Specimen  2.  . 

Specimen  3.  - 

Specimen  4. . 

Specimen  5. . 

Specimen  6. . 

Specimen  7. . 

Specimen  8.  , 

March  1 

March  2 

March  3 

March  5 

March  S 

March  8 

cent 
4.0 
4.6 

4.8 
4  1 
2.6 
3.4 
2.5 
2.2 
1.8 
1.7 
2,5 
3,2 
4  0 
4.2 
4,4 
6,0 

3.2 

2.6 

3.2 
2.8 
1.8 
2.5 
1.8 
1.8 
1.3 
1,3 
1,2 
1.5 
2.3 
2.3 
2-4 
2,6 

CUU 

1,7 
2,0 

1,6 
1,3 

0,8 
0,9 
0,7 
0.4 
0,5 
0.4 
1.3 
1.7 
1.7 
1.9 
2.0 
2.4 

3,1 

2.8 

2.6 
2.2 
3.3 
2.5 
3.3 
3.5 
3.6 
3,6 
3,3 
3  2 
2.5 
2.1 
2.0 
2.0 

pound, 
23.25 

23.00 

22,25 
22,50 

23.00 
22.50 

Bled  175  cc.  into  20  cc.  10  per 
cent  sodium  citrate  solution 

Plaamaphareata:  Eatiroated  blood 
volume  787  cc.  Bled  1250  cc. 
Seven  bleedings  from  140  to 
200  cc.  each.  Total  157  per 
cent  of  blood  volume.  Rein- 
jected 1325  cc.  in  Locke- 
acacia  solution 

Dog  normal 

looked  upon  as  complete  in  six  days.  There  was  practically  no  upset 
in  the  globulin-albumin  ratio  in  spite  of  the  shock  and  slight  infection  of 
the  neck  wound. 

Table  13  shows  an  experiment  in  which  the  depletion  was  effected  by 
smaller  exchanges  but  a  lower  final  figure  was  attained  than  in  the  pre- 
ceding experiment  (table  12).  The  non-protein  fraction  shows  the  rise 
usually  noted.     There  was  a  minimum  amount  of  shock  and  the  d(^ 
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was  in  excellent  condition  at  the  end  of  the  experiment.  In  spite  of 
the  great  difference  in  the  general  condition  of  the  two  dogs  (tables 
12  and  13)  the  amount  of  serum  protein  regeneration  during  the  first 
twenty-four  hours  following  the  plasmapharesis  is  identical.  It  will  be 
noted  that  this  figure  is  constant  in  most  of  the  experiments  regardless 
of  shock  or  its  absence  or  abundant  food  or  fasting.     It  seems  that 


Dog 

16-ioe 

TABLE  li 

.    Regeneration  of  aeryr 

tproUina.    Mixed  diet 

.„.H, 

-" 

j 

1 
1= 

1 

■1 
1 

"-"^ 

1916 
February  16., . 

Specimen  2. . 
Specimen  3. . 

February  17... 

February  18... 

February  19... 
February  20.. . 
February  21 . . . 
February  22... 
February  23... 
February  24... 
February  26... 

6.0 
3.1 
2.0 

3.2 

3.5 

4.4 
4.5 
4.9 
5.5 
4.8 
5.4 
5.1 

5,4 
1.3 
1.5 

2.0 

2.9 

3.6 
2.9 
2.0- 
3,8 
2,6 
3,3 
3,4 

0.6 
1,8 
0.5 

1,2 

0.6 

0,8 
1.6 
2,9 
1.7 
2.2 
2,1 
1.7 

2,0 
28 
3.0 

2.5 

2.8 

2.1 
2.2 
1.9 
1.8 
1,8 
1.5 
2.0 

pound, 

14,00 

13.75 
14.25 

14.50 
15.00 

Plasmapharesis;  Estimated  blood 
volume    472    cc.    Two    bleed- 
ings, each  of  500  cc.  R.  B.  C. 
for  firat  injection  obtained  on 
day  previous  from  another  ani- 

acacia  solution 
Dog  drowsy— passed  some  bloody 

urine  and  bloody  stool.    Does 

not  eat.    Temperature  38.7° 
Dog  more  active.    Eating.   Some 

suppuration  of  neck  wound 
Miiced  diet— dog  normal 

this  must  be  an  emergency  reaction  and  represents  the  supreme  effort  on 
the  part  of  the  body. 

Table  14  shows  an  experiment  which  is  complicated  by  infection  and 
suppuration.  The  globulins  show  a  considerable  rise  at  the  expense  of 
the  albumins.  These  fluctuations  occur  while  the  curve  of  total  pro- 
tein regeneration  follows  a  slow  upward  trend.  There  seems  to  be 
more  delay  in  this  experiment  than  usual  in  uncomplicated  experiments 
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with  mixed  diet.  We  have  other  observations  to  indicate  that  a 
severe  infection  will  tend  to  slow  up  the  speed  of  regeneration.  It 
is  not  certain  whether  this  delay  may  not  be  explained  at  least  in  part 
by  impaired  appetite  and  digestion.  The  primary  depletion  was  to  an 
extremely  low  level  as  can  be  seen  by  comparison  with  other  experi- 
ments. We  find  that  I  per  cent  is  about  the  lowest  figure  obtainable 
TABLE  u 
Dog  17-69.    Regeneration  of  terum  protein*.    Mixed  diet 


.„™. 

■nUHB 

-„„», 

DAT! 

t 
1 

1 

11 

1 

.-..„. 

^ 

& 

& 

z 

1017 

^ 

•Mtt 

^ 

^< 

founi. 

January  20,  30. 

6.3 

2.9 

2.4 

2.4 

15.00 

Bled  75  cc.  into  7.5  cc.  10  per 
cent  sodium  citrate  iolution 

January  31 

16,00 

PlaamaphaTena:  Estimated  blood 

Specimen  1.  . 

3,2 

1.2 

20 

2.8 

volume    510   cc.    Five   bleed- 

Specimen 2.  . 

2.7 

1.8 

0.9 

3.3 

ings  from  86  to  160  cc.  each. 

Specimen  3.  . 

2.3 

1.8 

0.5 

3.4 

Total  710  cc.    Reiojected  8SS 

Specimen  4. . 

1.8 

10 

0.8 

3  4 

cc.  in  Locke-acacia  solution. 
BleedingB  totaled  144  per  cent 
of  blood  volume. 

Specimen  S, . 

1.4 

0.4 

1,0 

3,6 

15.5tf 

Returned  to  cage  in  good  con- 
ditiou 

February    1... 

2.5 

1.2 

1.3 

3.2 

15.50 

Animal  active.    Mixed  diet 

February    2. . . 

3.7 

1,2 

2-6 

2,5 

Wound  in  neck  slightly  septic 

February    3. . . 

3.6 

1-7 

1.9 

2.9 

Neck  septic 

February    4. . . 

2,1 

3,8 

LipeiAic  serum 

February    6... 

3,7 

2-4 

1.3 

2,7 

Wound  healing 

February    6. . , 

4.4 

1.8 

2.6 

2,4 

February    7. , , 

4,1 

2.6 

1.5 

2.4 

Wound  O.K. 

February    8. . . 

5-0 

3.5 

1.5 

2.2 

14.60 

February  12... 

5.1 

4.4 

0.7 

2.4 

14.25 

Experiment  discontinued 

by  plasma  depletion.  It  seems  that  1  per  cent  serum  protein  is  an 
absolute  minimum  below  which  the  body  cells  cannot  survive.  Many 
dogs  will  show  fatal  shock  before  the  serum  proteins  are  reduced  even 
to  2  per  cent  and  there  is  much  individual  va,riation  in  resistance  to  the 
shock  of  plasmapharesis.  This  dog  required  twelve  days  to  regenerate 
approximately  to  normal.     The  complicating  amputation  was  due  to  a 
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thrombus  probably  tlie  result  of  infection  and  trauma.  The  animal 
waa  sacrificed  at  the  end  of  the  experiment  and  autopsy  revealed  no 
abuormalities  except  those  described. 

Table  15  shows  an  uncomplicated  experiment  with  serum  protein 
regeneration  following  a  moderate  depletion,  the  dog  being  on  a  liberal 
bread  and  milk  diet.    There  was  no  severe  shock  and  no  infection, 


Dog  le-lfT.    Regeneration  of  serum  proteini.    Mixed  diet 


UTTH  raonnn 

..„„ 

I 

1 

1 

■| 

? 

1^ 

n 

.t 

s::, 

v 

^ 

ctnt 

Knad* 

fl.4 

6.0 

0.4 

2,1 

15.  SO 

3.9 

3.2 

0.7 

2.4 

2,9 

2.4 

0.6 

3.0 

2,3 

2.1 

fl.2 

3.4 

1.4 

fl,3 

4,1 

I.l 

0 

4.3 

15,88 

2.4 

0.0 

3.0 

2.6 

1.3 

2.8 

3.0 

1.7 

3.0 

16.0( 

3.3 

1.7 

2.6 

3,8 

1.2 

2.0 

14,50 

3.3 

2.3 

2.1 

3.8 

2.3 

2.0 

13. 5( 

3.0 

0.6 

3.0 

2.0 

14.0( 

4.2 

2.4 

1.8 

1.8 

S.4 

1.5 

3.9 

1,8 

14.00 

we 

March  8 

Specimen  1. , 

Specimen  2. . 
'  Specimen  3. . 

Specimen  4. . 

Specimen  5. . 


March    Q. 

March  10. 
March  11. 
March  12. 

March  13. 
March  14. 
March  16, 
March  10. 
March  17. 
March  20, 


Plaemapharesit:  Estimated  blood 
volume  525  cc.  Five  bleed- 
ings 136  cc.  each.  Total 
amount  of  blood  removed  676 
cc.  Reinjected  750  cc.  Total 
protein  reduced  83  per  cent 

Animal  drowsjr;  oedema  of  left 

Eats  little 

Dog    ill.      Temperature    40.0°. 
Moist  gangrene  of  left  foreleg 
Amputation  of  left  foreleg 


Dog  active.    Eats  well 
Abscese  on  back 
Abscess  incbed 
Dog    active.      Eats, 
wound  granulating 


yet  we  note  on  several  days  a  definite  increase  of  globulins  at  the  ex- 
pense of  the  albumins.  The  curve  of  total  protein  regeneration  is  uni- 
form but  the  speed  of  regeneration  is  not  as  great  as  upon  &  meat 
diet.  This  table  also  gives  figures  to  indicate  a  moderate  rise  in  the 
blood  non-protein  nitrogen  during  the  various  stages  of  the  plasms  ■ 
depletion.    Such  changes  are  much  more  marked  when  there  is  severe 
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clinical  shock  which  is  associated  with  con^derable  breakdown  of  body 
protein  (see  preceding  paper). 

TABLE  16 
Dog  16-ISi.     ftegeneralion  of  serum  proleins.     Bread  and  milk  diet 


,.,.„ 

"'■ 

9 

! 

i 

■a. 

a-- 

i 
■a 

1=' 

""-" 

191$ 

March  22 

Specimen  1,  .. 

Specimen  2. . . 
Specimen  3.    . 
Specimen  4. , . 

March  23 

March  24 

March  26 

March  27 

March  28 

March  29 

April      1 

April      3 

6  1 

4.0 
3.1 
2,6 
3.7 

3.9 

4.5 
4,6 
4.5 
4.9 
5.0 
5.2 

3.6 

2.7 

1,6 

2.2 

2.5 

2.6 
2.6 
2.0 
1.6 
1.7 
2.1 
3.0 

2.5 

1.3 
1,5 
0.4 
1.2 

1.3 

1.9 
2,6 
2.9 
3.2 
2.9 
2.2 

2.7 

2,8 
2,9 
3.0 

2.5 

2,2 
18 
20 
2.2 
1.9 
2.1 
2.1 

16.00 

16.00 

16.00 
16.00 
15.75 

16.00 
15.50 
16.00 

Ptasmapharesis:      Total      with- 
drawn 600  cc.    Reinjected  600 

Blood  N.  P.  Nitrogen  37  mgm., 
urea  28  mgm. 

Blood  N.  P.  N.  38  mgm.,  urea  28 
mgm. 

Blood  N.  P.  N.  46  mgm.,  urea  27 
mgm. 

Dog  active.  Wound  in  good  con- 
dition 

Bread  and  milk  400  grama 

Bread  and  milk  100  grama 

Bread  and  milk  500  grama 

Very  active 

Bread  and  milk  500  grams 

Bread  and  milk  450  grams 

DISCUSSION 

It  is  of  interest  to  recall  the  fact  that  the  budy  regenerates  its  cell 
protoplasm  with  the  same  difficulty  and  delay  following  cell  injury. 
This  statement  applies  particularly  to  the  parenchymatous  organs,  as 
the  liver  and  kidney.  Whipple  and  Spevry  (1)  have  shown  that  the 
liver  injured  by  chloroform  will  repair  the  damaged  cell  protoplasm 
within  seven  to  ten  days,  depending  upon  the  severity  of  the  original 
cell  necrosis.  Mr,  Davis  in  this  laboratory  is  investigating  the  curve 
of  the  liver  cell  regeneration  and  finds  certain  points  of  similarity 
between  the  parenchyma  regeneration  and  the  blood  serum  protein 
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regeneration.  It  may  well  be  that  tlie  protein  for  the  parenchyma 
cell  or  for  the  blood  plai'ma  may  require  similar  construction  periods 
and  building  material  It  may  be  that  the  blood  protein  construction 
may  depend  upon  the  activity  of  the  cell  protoplasm.  It  is  possible  that 
all  protein  material  may  be  built  up  part  way  alike,  to  be  differentiated 
in  the  last  stage  of  the  complete  elaboration. 

We  wish  to  point  out  the  fact  that  after  the  initial  depiction  of 
serum  proteins  the  body  can  almost  always  regenerate  1  per  cent 
total  protein  during  the  first  twenty-four  hours  following  the  plasma- 
pharesis.  Thi^i  figure  is  remarkably  constant  and  does  not  seem  to  be 
influenced  by  diet  or  fasting.  The  amount  of  shock  does  not  appear 
to  infiuence  it  because  it  may  be  the  same  in  two  experiments  oAe  of 
which  is  associated  with  grave  shock  (table  12)  and  the  other  with  a 
minimum  amount  of  shock  (table  13).  We  may  periiaps  look  upon  this 
as  the  maximum  effort  of  the  body  to  replace  these  essential  serum  pro- 
teins, an  effort  which  surely  depends  upon  the  body  proteii>  as  it  is 
present  in  fasting  experiments.  It  will  be  the  same  whether  there  is 
a  marked  breakdown  of  host  protein  as  evidenced  by  great  increase  in 
urinary  nitrogen  or  whether  this  tissue  autolysis  is  minimal. 


Regeneration  of  serum  proteins  is  more  rapid  and  complete  upon  a 
meat  or  mixed  diet  as  compared  with  fasting  experiments  see  (fig.  1). 

The  same  regeneration  does  not  appear  to  be  as  rapid  upon  a  bread 
and  milk  diet  as  upon  a  meat  diet. 

Following  the  plasma  depletion  there  is  an  average  regeneration  of  1 
per  cent  total  serum  proteins  within  the  next  twenty-four  hours.  This 
is  a  imiform  emergency  reaction  on  the  part  of  the  body  and  ia  inde- 
pendent of  food,  shock  or  infection.  It  probably  represents  the  abso- 
lute maximum  production  under  the  greatest  stimulus  and  perhaps 
represents  a  throwing  in  of  emergency  reserve  material. 

The  body  has  the  same  difficulty  in  regenerating  its  serum  proteins, 
as  it  does  in  the  construction  of  cell  protein — for  example,  the  repair  of 
liver  protoplasm  following  a  chloroform  necrosis. 

Regeneration  of  serum  protein  after  a  50  per  cent  depletion  on  a  meat 
diet  may  be  effected  in  five  to  seven  days. 

Regeneration  of  liver  cell  protoplasm  after  a  50  per  cent  necrosis 
may  be  effected  in  five  to  seven  days.  This  is  an  interesting  parallel 
which  may  have  some  significance. 
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The  body  c&nuot  tolerate  a  reduction  of  its  total  serum  protein  from 
an  average  of  5  per  cent  to  the  low  level  of  1  per  cent.  This  is  prac- 
tically always  associated  with  fatal  shock  which  may  supervene  lone 
before  the  mipimum  figure  of  1  per  cent  has  been  attained. 

BIBLIOGBAPHY 
(1)  Whipple  and  Sfebbt:  Johns  Hopkins  Ho«p.  Bull.,  1909,  xx,  278. 
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III.  Liver  Injury  Alone:  Liver  Injury  and  Plasma  Depletion: 
The  Eck  Fistula  Combined  with  Plasma  Depletion 

WM.  J.  KERR.'  S.  H.  HURWITZ  and  G.  H.  WHIPPLE 

From  Ihe  George  Williams  Hooper  Foundation  for  Medical  Research,  Vniversily  of 

California  Medical  School,  San  Francisco 

Received  for  publication  October  21,  1918 

The  two  preceding  communications  make  it  clear  that  the  body  can 
regenerate  its  serum  proteins  more  rapidly  and  completely  upon  a  full 
diet  than  during  a  fasting  period.  At  best  this  reaction  is  sluggish 
even  under  the  rtiost  intense  stimulus  and  requires  several  days  {see 
fig.  1). 

We  wish  to  submit  experiments  to  show  that  liver  injury  tends  to 
lessen  the  amount  of  circulating  blood  serum  proteins  and  the  pres- 
ence of  liver  injury  tends  to  retard  the  regeneration  of  serum  proteins 
after  an  initial  plasma  depletion.  Furthermore  the  Eck  fistula  liver 
appears  to  r^enerate  blood  serum  proteins  more  slowly  than  the  nor- 
mal or  even  the  injured  liver.  The  Eck  fistula  liver  is  smaller  than 
normal,  always  presents  evidence  of  degeneration  (fat) -and  gives  a 
subnormal  functional  test  with  tetrachlorphthalein  (1), 

It  is  to  be  recalled  that  the  widest  fluctuation  in  fibrinogen,  which 
is  an  important  plasma  protein,  will  occur  in  parallel  relationship  to 
liver  injury  produced  by  chloroform  or  phosphorus  (2).  It  is  very 
easy  to  cause  a  wide  dissociation  between  the  curves  of  fibrinogen  and 
of  serum  proteins.  For  example,  a  fatal  chloroform  poisoning  will  re- 
duce the  fibrinogen  from  0.5  per  cent  to  almost  zero,  but  this  may 
cause  only  a  moderate  fall  in  serum  proteins  of  2  per  cent,  perhaps 
•from  the  normal  level  of  5  per  cent  to  3  per  cent  the  day  before  death. 

The  fibrinogen  is  a  very  labile  substance  which  seems  to  react  to 
abnormal  conditions  with  great  speed  and  can  be  produced  in  an  emer- 
gency in  large  amounts;  for  example,  the  fibrinogen  can  be  completely 

I  Wm.  J.  Kerr,  Sheldon  Traveling  Fellow  in  Research  Medicine,  191ft-1917, 
Harvard  Urivereity,  Cambridge,  Massachusetts. 
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washed  out  of  the  blood  but  it  will  promptly  return  in  a  few  hours 
(3,  4).  The  importance  of  this  reaction  in  relation  to  hemorrhage  is 
obvious  as  the  fibrinogen  forms  the  tough  body  of  all  blood  clots. 

We  have  seen  that  the  serum  proteins  are  more  stable  substances 
which  cannot  be  regenerated  in  any  short  period  of  time.  These  pro- 
teins cannot  be  removed  in  any  large  amount  without  causing  fatal 
shock,  yet  the  serum  proteins  have  some  features  in  common  with  the 
plasma  protein  fibrinogen.  There  is  some  evidence  in  this  paper  to 
indicate  an  important  relationship  between  the  serum  proteins  and 
the  liver,  just  as  has  been  established  in  the  case  of  fibrinogen.  It  is 
not  too  much  to  assume  that  the  liver  may  be  concerned  in  the  pro- 
duction of  serum  protein  and  the  maintenance  of  these  vitally  important 
fluid  proteins  at  a  normal  level  in  the  blood. 

It  is  possible  to  make  a  graphic  comparison  of  the  curves  of  serum 
protein  regeneration  as  influenced  by  diet^,  starvation  and  liver  in- 
jury (see  fig.  1).  The  curve  of  liver  injury  is  the  average  of  three  ex- 
periments similar  to  table  23  with  the  use  of  chloroform  or  phosphorus 
to  cause  liver  necrosis. 

The  methods  have  all  been  described  in  the  first  papers  of  this  series. 
Experimental  conditions  were  identical  with  those  previously  described, 

EXPERIMENTAL  OBSERVATIONS 

Tables  20,  21  and  22  may  be  considered  as  a  group.  The  normal 
level  of  the  serum  proteins  is  somewhat  influenced  by  a  fatal  phos- 
phorus poisoning,  perhaps  more  than  appears  at  first  sight.  Table 
20  shows  an  experiment  in  which  a  normal  dog  was  given  about  one- 
half  a  lethal  dose  of  phosphorus  dissolved  in  oil  subcutaneously.  The 
dog  gave  no  clinical  reaction  but  there  was  a  slight  fall  in  the  curve 
of  serum  proteins.  One  week  later  the  dog  was  given  a  lethal  dose  of 
phosphorus  which  was  fatal  in  three  days.  There  was  a  considerable 
fall  in  the  blood  serum  proteins  but  we  must  not  forget  that  this  fall  is 
probably  greater  than  the  figures  indicate.  Dogs  poisoned  with  phos- 
phorus vomit  a  good  deal,  show  concentrated  urine,  have  a  tendency 
to  hemorrhage  and  show  a  blood  hematocrit  indicating  a  relative  in- 
crease in  red  cells.  All  this  points  to  a  decrease  in  blood  volume  at  the 
expense  of  the  plasma  fraction  and  this  means  a  fall  in  the  total  serum 
•proteins  of  the  body,  more  than  is  indicated  by  an  analysis  of  a  unit 
specimen  of  scrum. 

The  liver  of  fatal  phosphorus  poisoning  needs  no  detailed  descrip- 
tion.    It  is  large  and  obviously  fatty,  specked  with  ecchymoses.     The 
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microscope  shows  many  necrotic  liver  cells  but  especially  a  marked 
fatty  degeneration  of  the  cell  protoplasm  in  every  liver  lobule. 

Table  21  shows  the  result  of  a  lethal  dose  of  phosphorus  which 
killed  the  dog  in  five  days.    There  is  a  progressive  fall  in  total  serum 


poiaonitiff.    Serum  proteins.    Mixed  diet 
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proteins  with  the  advance  of  the  clinical  symptoms  of  intoxication. 
The  fibrinogen  in  both  doga  was  practically  absent  in  the  blood  on  the 
day  before  death.  This  explains  the  general  hemorrhagic  tendency  and 
purpura.  The  blood  obtained  post-mortem  gives  a  high  protein  read- 
ing but  this  has  no  significance  because  so  many  factors  cannot  be 
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determined.    There  is  usually  much  blood  concentration  under  sucn 
Conditions  and  loss  of  fluid  to  the  tissues. 

Table  22  gives  the  results  of  a  mild  chloroform  poisoning  which  in- 
fluences only  slightly  the  level  of  blood  serum  proteins.  The  data  of 
this  table  are  to  be  compared  with  those  in  the  two  following  tables 

TABLE  21 

Dog  17-ltB.    Photphorue  poisoning.    Serum  proUins.    Mixed  diet 
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where  the  chloroform  injury  is  combined  with  a  plasma  depletion.  It 
will  be  noted  (table  22)  that  the  fall  in  total  serum  proteins  b^ns  on 
the  second  day  after  the  chloroform  anaesthesia  and  continues  during 
the  next  three  or  four  days  during  which  period  we  know  that  the 
liver  repair  is  most  active.    It  can  be  estimated  from  all  data  at  hand 
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that  this  chloroform  anaesthesia  for  one  and  one-half  hour  did  not 
cause  more  than  one-third  necrosis  of  each  liver  lobule.  Furthermore, 
we  know  that  such  injuries  can  be  repaired  to  normal  in  five  to  seven 
days.  It  will  be  observed  that  the  dog  was  in  e^ccelleot  condition  and 
gained  weight  during  this  period  of  repair.  The  notes  on  the  diet  were 
lost  but  it  is  practically  certain  that  the  dog  was  on  a  mixed  diet. 

Tables  23  and  24  are  to  be  compared  as  the  first,  shows  the  effects 

of  a  mild   chloroform   poisoning  and   the  second  of  a  more  severe 

chloroform  poisoning  combined  with  a  plasma  depletion.    Table  23 

TABLE u 
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also  is  to  be  compared  with  table  6  in  the  first  paper  of  this  series  which 
shows  the  result  of  a  preceding  plasma  depletion  done  upon  this  same 
dog  with  metaboUsm  figures.  This  preceding  experiment  was  associ- 
ated with  severe  shock  and  the  curve  of  nitrogen  metabolism  with  and 
without  the  chloroform  necrosis  is  very  similar.  We  may  assume  that 
the  amount  of  liver  injury  (1  hour  anaesthesia)  in  table  23  was  very 
slight  or  that  the  severe  shock  of  table  6  caused  as  much  disturbance  - 
in  the  animal  as  did  the  chloroform  poisoning — the  increase  in  nitrogen 
elimination  being  about  the  same.    The  influence  in  any  case  is  not 
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very  evident  in  the  curve  of  serum  protein  regeneration.     When  the 
dog  is  placed  on  a  meat  diet  the  curve  rises  promptly  to  normal. 

TABLE  13 
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Table  24  brings  out  several  points  of  interest.  The  plasma  deple- 
tion was  to  a  moderately  low  level  but  not  associated  with  severe 
shock.     More  chloroform  was  given  to  this  dog  than  to  the  dog  in  the 
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preceding  experiment  (table  23)  and  the  presence  of  coloring  matter 
in  the  serum  for  four  days  indicates  a  considerable  amount  of  liver  in- 
jury.    The  dog  was  clinically  disturbed  on  the  day  after  the  anaeBthesia 

TABLE  14 

Dog  17-18S,     Plasma  dtplelion.     Chloroform  necrosis.     Regeneration  of  («rum 


„™ 

HOTII 

,„.=, 

"" 

S 

I 

1 
■23 

1 

1 

■BUIBU 

inr 

ctni 

5.7 

5.5 
4.2 
3.9 
3.3 
2,1 
3,0 

2.9 

3-0 
3.0 
40 
2,9 

4,2 
3-6 

4.2 

3.4 
3.0 

3.4 

3,4 
2.6 

2.9 
2,0 
0,9 
1.9 

1,3 

1-4 
0.9 
2-2 

0,8 
2,4 
1.0 

2,4 

2,0 
0.8 

2,3 

2.1 
1.7 
1,0 
1,3 
1-2 
1-1 

1.6 

1.6 
2.1 
1.8 

2,1 
1,8 
2.6 
1,8 

1,4 

2,2 

rtnl 
1.7 

2-0 
2.0 

2,2 
2,4 
2,8 
3-1 

2.8 

3.0 
2.6 
2,3 
3,1 
2,6 
2.9 
3.1 

3.9 

3.4 

21.00 

20-88 

20.88 

19,73 

19.00 

19  75 
19.00 
18.25 

18.13 

Bled  200  cc.  into  20  cc.  10  per 
cent  Hodium  citrate  solution 

Plaeinaphare3i$:  Eatimated  blood 
volume  713  cc.  in  4  bleedings 
rrom  ISO  to  200  cc,  each  or  98 
per  cent  of  blood  volume. 
Reinjected  910  cc. 

April  18 

Specimen  2. . . 
Specimen  3. .  . 
SpecimeD  4. . . 
Specimeo  5. . , 

1  hour,  15  cc,  chloroform  used. 
Serum  normal  color 

Animal  sick.  Drinks  only  amall 
amount  of  milk.  Serum  ca- 
nary-yellow color  (bile) 

Serum  slightly  bile-tinged 
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and  refused  food,  which  indicates  considerable  intoxication.  There  ia 
a  loss  of  weight  in  spite  of  the  fact  that  the  dog  had  access  to  food 
in  the  cage.    The  amount  of  food  eaten  is  not  known  but  the  dog  had 
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bread  and  milk  in  the  c^e  and  evidently  ate  some. of  it  as  can  be 
estimated  from  the  weight  curve. 

The  curve  of  serum  proteins  shows  a  slow  rise  toward  normal  fol- 
lowed by  a  terminal  fall  during  the  two  days  before  death  which  was 
due  to  distemper.  Autopsy  showed  lungs  involved  with  broncho- 
pneumonia, edema  and  congestion.  Liver  shows  necrosis  in  the  center 
of  each  lobule.  The  central  three-fifths  of  each  liver  lobule  is  very 
fatty  and  full  of  large  vacuolated  liver  cells,  some  fresh  fibrin  and 
leucocytes  of  all  types.  The  marginal  two-fifths  of  the  liver  lobule  is 
more  nearly  normal.  The  repair  of  this  liver  necrosis  is  much  de- 
layed and  abortive.  Ten  days  elapsed  since  the  chloroform  injury  and 
liver  necrosis  of  this  amount  should  be  completely  repaired  within  five 
to  eight  days  under  usual  conditions.  The  great  delay  in  liver  repair 
was  due  in  part  to  the  intoxication  and  loss  of  appetite  as  well  as  to 
the  intercurrent  infection  (distemper).  The  reaction  on  the  curve 
of  blood  serum  regeneratfon  is  not  very  profound  when  we  consider  the 
injury  done  the  liver,  the  small  food  intake  and  the  fatal  outcome. 

Table  25  is  to  be  compared  with  the  two  preceding  tables  where  the 
injury  is  due  to  chloroform.  The  type  of  reaction  is  similar  and  the 
reaction  to  the  liver  injury  of  phosphorus  is  quite  definite.  We  are 
fortunate  in  being  able  to  refer  to  other  experiments  upon  this  same 
dog  (tables  4  and  5  in  the  first  paper  of  this  series)  where  the  curve  of 
regeneration  has  been  influenced  by  fasting.  The  influence  of  phos- 
phorus poisoning  is  a  little  more  marked  than  the  long  period  of  fasting. 
During  the  phosphorus  experiment  the  dog  was  on  a  liberal  mixed  diet 
but  lost  some  weight  and  showed  a  few  symptoms  of  intoxication. 
This  dog  received  about  two-thirds  of  a  lethal  dose  of  phosphorus. 
Also  refer  to  another  experiment  upon  this  same  dog  (table  11),  The 
regeneration  curve  of  serum  proteins  is  influenced  by  a  meat  diet  and 
this  experiment  gives  a  perfect  control  to  table  25. 

Tables  26  and  27  are  to  be  considered  together  as  the  experiments 
are  similar  and  the  results  practically  identical.  The  Eck  fistula 
operations  were  performed  some  time  before  the  plasma-  depletion  as 
indicated  in  each  table.  The  operation  consists  in  an  anastomosis 
between  the  portal  vein  and  the  vena  cava  by  means  of  special  clamps 
and  a  ligation  of  the  portal  vein  above  the  anastomosis. 

Table  26  gives  the  figures  of  a  very  successful  experiment  in  which 
the  plasma  depletion  was  carried  out  with  a  minimum  amount  of  shock. 
Following  this  exchange  the  dc^  was  in  excellent  condition  and  main- 
tained the  usual  weight  curves.     It  will  be  seen  that  there  is  scarcely 
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any  regeneration  of  serum  proteins  during  the  thcee  days  following  the 
plasmapharesis,  in  spite  of  a  liberal  diet  and  a  relatively  slight  plasma 
depletion.     In  a  normal  dog  under  similar  conditions  the  regenera- 


Dog  te-HO.     Ploima  dtpletio 


TABLE  2S 

Regeneration  of  ti 


n  proteins.    Pkoepharv 


■BBDM  PHOinm 

...OHX 

DiTl 

i 

i 
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I'll 

■"""' 

1917 

cmt 
'5.2 
S.7 

5,4 
4.3 
3.3 
3.2 

2.8 
1.9 

2.8 

2.5 
3.2 
4.0 

3.8 
3.6 
4.5 
4-2 
4,3 
4.6 
4.9 
5.0 
4.9 

cnl 
3.2 
3.7 

3,2 
2.2 
1.9 
1.6 
1.6 
0.3 

1.3 

0.5 

1.2 
2.2 

1.5 
1.2 

2.2 
1.6 
1,6 

2.3 
2  0 

2.9 
2.9 

2.0 
2.0 

2.2 
2  1 
1.4 
1,6 
1.2 
1:6 

1.5 

2.0 
2.0 

1.8 

2.3 
2.4 
2.3 
2,6 
2,7 
2.3 
2.0 
2.1 
2.0 

ant 

2.0 
2,0 

1.9 
1.7 
2.3 

2.2 
2.4 

2,7 

3,0 

3.8 
3.1 
2.4 

2.3 
2.8 
2.2 
2,8 
2.4 
1.9 
2.0 
2.1 
2.0 

-- 

25.00 

25.00 

25.00 

23.50 

22,50 
22.25 
21.50 

21,00 

'21,50 
21,75 

22.25 
23.00 
23.25 
23  .-38 
23,00 
23.25 

Mixed  diet 

April    4 

Specimen  2. . , 
Specimen  3. . . 
Specimen  4. . . 
Specimen  5. . . 

cent  sodium  citrate  solution 
PlasjnapkaTeti^:  Estimated  blood 
volume  855  cc.    Bled  970  cc. 
in  5  bleeding  of  from  100  to 
210  Gc.     Total  113  per  cent  of 
blood      volume.        Reinjected 
1100    ec.     Non-protein    nitro- 
gen (Kjeldahl)  28.1  mgm.  per 
100  cc.  blood 

phoaphorua    per   pound    body 
Slight  vomiting 

No  evidence  of  phosphorus  poi- 
soning 

Cloudy  serum  (lipemia) 

Experiment  discontinued 

tion  would  be  practically  complete  (compare  table  10  in  the  pre- 
ceding paper),  A  bile  fistula  was  performed  on  October  7  and  the 
iiog  died  on  November  16  from  typical  Eck  fistula  intoxication.     Au- 
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topsy  showed  that  the  Eck  fistula  was  widely  patent  but  the  ligature 
on  the  portal  vein  was  not  completely  occluding,  a  tiny  opening  per- 
sisting at  this  place.  Some  portal  blood  could  gain  access  to  the 
liver  but  it  must  have  been  small  in  amount  and  did  not  prevent  the 
dog  from  developing  the  typical  Eck  fistula  intoxication. 


Dog  16-115.    Eck  fistula. 

TABLE M 

Plasma  depletion 

Regeneration  of  serum  proteint 

„.oe. 

DAT! 

i 

i 

i 
¥ 

f. 

■«-*— 

me 

per 

5,6 
4,4 
3-6 
3,1 

3-6 

3-6 

3  4 
3.7 
3.9 
4,2 
3.8 
4.0 
3  8 
3-6 
3.4 
4.0 
4.8 
4.8 

3.9 
3.3 

2.2 
1.7 

2,4 
2.1 

1,3 

1.7 
2-4 
2.4 
2.1 
20 
2.1 
1.2 
1,5 
2.2 
3.7 
2.4 

1.6 
1.1 
1.4 
1.4 

0.2 

1.4 

2.1 
2,0 
1,9 
1.8 
1.7 
2.0 
1.7 
2.3 
1.9 
1.8 
1.1 
2.4 

prr 
cml 

1.7 
1.7 
1,8 
1.7 

1.6 

1.9 

1.7 
1.7 
1.7 
1.7 
1.7 
1.9 
1.9 
2.3 
2,1 
2.3 
2,2 
1.4 

18,25 

17,88 

17.50 
18.00 

18.13 

18.00 

18,50 

18.75 
19.00 
19.00 

Eck  fistula  operation:  February 
22.  PlasTnaphartsis:  Total 
blood  withdrawn  675  cc. ;  total 
injected,  700  cc.  Total  pro- 
teins reduced  44  per  cent.  Es- 
timated exchange  =  108  per 
cent  of  blood  volume 

Animal  in  good  condition. 
Wound  O.K. 

Specimen  1. . . 
Specimen  2. . . 
Specimen  3. . . 

Specimen  4. . . 

diet 

Table  27  gives  striking  results  and  shows  a  complete  absence  of 
serum  protein  regeneration  during  the  twenty-four  hours  after  the  ex- 
periment. The  initial  shock  of  the  plaamapharesis  was  considerable 
in  spite  of  the  fact  that  the  plasma  exchange  amounted  to  only  59  per 
cent  of  the  estimated  blood  volume.     The  initial  blood  serum  readings 
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were  low  and  the  regeneration  of  aerum  protein  very  slow.  The  dog 
was  on  a  liberal  diet  and  lost  no  weight.  On  June  28  the  dog  devel- 
oped the  typical  Eck  fistula  intoxication.  Autopsy  showed  a  patent 
Eck  fistula  and  the  ligature  on  the  portal  vein  completely  occluding  it. 
The  Uver  showed  the  usual  atrophy  and  central  fatty  degeneration 
which  is  always  present  in  the  Eck  fistula  dog. 

Figure  1  gives  a  graphic  comparison  of  curves  which  represent  the 
blood  serum  regeneration  under  different  conditions.    Curve  D  is  the 


Dog  less.     Eck  fistvla  and  apUneclomy.     Plasma  depletion.     Regeneration  of 
serum  proteins 
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"""" 

1918 

4.6 
4.1 
4.1 
3-4 

3,1 

3.7 
3.6 

3.8 
3.8 
4.1 
4,4 

ottxl 

2.2 
1.2 
1.5 
2.1 

1.2 

2.3 
1.1 

2.5 
2.5 
1.6 
1.2 

2.4 
2.9 
2.6 
1.3 

1.9 

1.4 
2.5 
1.3 
1.3 
2.5 
3.2 

ptr 

2.3 
3.0 

2.2 
2,6 

2.1 

1.7 
2.0 
2.S 
2.2 
1.7 
1,9 

24,00 

23.26 

23.25 

22.26 

23.13 
23.63 

Splenectomy  March  23.    PJas- 
mapkareeii:  Total  blood  with- 
drawn 600  cc.  R.  fi.  C.  suspen- 
sion   injected    600    cc.    Esti- 
mated exchange  -  73  per  oent 
of  blood  volume 
Animal  very  weak.    32  gm.    glu- 
cose by  stomach  tube 

Specimen  I. . . 
Specimen  2. . . 
Specimen  3. . . 
Specimen  4. . . 

average  of  seven  experiments  showing  the  serum  protein  r^eneration 
on  a  meat  diet  or  a  full  mixed  diet.  Curve  S  represents  the  average  of 
five  experiment  with  fasting  periods  after  the  plasma  depletion.  Curve 
0  represents  the  average  of  three  experiments  in  which  the  liver  was  in- 
jured on  the  day  following  the  plasma  depletion  using  chloroform  or 
phosphorus.  This  curve  is  less  regular  because  there  are  fewer  ex- 
periments which  in  the  average  tend  to  smooth  out  minor  fiuctuations. 
This  chart  brings  out  the  constant  regeneration  of  about  1  per  cent 
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total  protein  in  the  twenty-four  hours  following  the  experimental  pro- 
cedure of  plasma  depletion.  In  spite  of  food  intake  the  curve  of 
serum  protein  regeneration  following  liver  injury  is  less  steep  than  the 
fasting  curve. 
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DISCUSBION 

We  do  not  wish  to  lose  sight  of  the  fact  that  the  curve  of  blood 
serum  regeneration  is  not  profoundly  inSuenced  by  a  coincident  liver 
necrosis  (table  24)  and  a  part  of  the  slow  regeneration  may  be  at- 
tributed to  the  low  food  intake  which  results  from  the  liver  injury  and 
consequent  intoxication.  But  the  amount  of  reserve  power  of  the 
liver  must  not  be  disregarded  in  this  complicated  reaction.  On  the 
other  hand  we  should  not  forget  the  fact  that  the  serum  proteins  fall 
as  a  result  of  fatal  liver  injury. 

A  very  important  point  too  is  that  the  Eck  fistula  liver  is  associated 
with  a  peculiar  curve  of  blood  serum  regeneration.  It  wil!  be  recalled 
{%.  1)  that  practically  every  experiment  in  plasma  depletion  shows  a 
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rise  of  about  1  per  cent  during  the  twenty-four  hours  following  the 
plasma  removal.  This  indicates  perhaps  ah  emergency  production  or 
an  emergency  reserve  which  helps  bring  the  serum  proteins  back  to  a 
safe  level.  The  Eck  fistula  dog  does  not  show  this  1  per  cent  rise  after 
the  plasma  depletion  and  shows  a  slow  serum  protein  regeneration  in 
spite  of  a  generous  diet.  The  plasma  depletion  can  never  be  carried 
to  a  very  low  level  because  .these  dogs  are  very  susceptible  .to  the 
shock  of  this  procedure.  There  is  clearly  much  difficulty  in  serum  pro- 
tein regeneration  by  the  Eck  fistula  dog.  The  liver  of  the  Eck  fistula 
dog  is  known  to  be  insufficient  in  several  capacities.  These  Eck  fistula 
dogs  die  from  peculiar  intoxications  associated  with  convulsions  and  in 
spite  of  considerable  experimental  work,  the  correct  explanation  of  this 
intoxication  has  not  yet  been  advanced. 

Much  experimental  evidence  points  to  the  liver  as  being  concerned 
in  the  maintenance  of  a  normal  level  of  blood  serum  proteins.  The 
evidence  here  is  not  as  convincing  and  striking  as  is  the  case  in  the 
plasma  protein  fibrinogen  which  has  such  an  intimate  relationship  to 
liver  injury  and  disappears  almost  completely  with  acute  liver  injury. 

This  all  tends  to  emphasize  the  ahibility  of  the  blood  serum  protein 
even  under  unusual  conditions.  We  rarely  find  much  fluctuation  in 
the  blood  serum  protein  level  in  varying  conditions  of  health  or  disease. 


Pronounced  injury  of  the  liver  by  means  of  phosphorus  or  chloroform 
will  cause,  or  at  least  be  associated  with,  a  moderate  fall  in  blood  serum 
proteins. 

Regeneration  of  blood  serum  proteins  following  a  plasma  depletion  is 
slow  at  best  but  will  be  delayed  by  the  presence  of  liver  injury  due  to 
phosphorus  or  chloroform. 

The  Eck  fistula  liver  is  smaller  than  normal  and  is  functionally  de- 
ficient in  some  respects.  Eck  fistula  dogs  show  a  distinct  inability  to 
regenerate  blood  serum  proteins  following  a  plasma  depletion.  The 
rapid  regeneration  of  the  first  twenty-four  hours  is  especially  lacking 
and  these  dogs  are  very  susceptible  to  the  shock  of  the  plasma  dilution. 

All  this  experimental  evidence  points  to  the  liver  as  concerned  in 
maintaining  the  normal  level  of  the  blood  serum  proteins. 

There  i?  a  remarkable  sUdjilily  of  the  blood  serum  protein  level  in  widely 
varying  conditions  of  health  and  disease. 
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The  White  Leghorn  chick  has  been  used  by  a  number  of  scientists 
for  nutritional  experiments  with  varying  degrees  of  success.  That  the 
White  Leghorn  chicken  lends  itself  moat  usefully  to  experimentation 
is  seen  by  the  fact  that,  being  a  very  highly  nervous  animal,  it  reacts 
quickly  to  any  change  of  nourishment  or  stimulation.  A  value  also 
exists  in  that  the  Leghorn  breed  grows  rapidly,  reaching  maturity  in  less 
than  a  year.  There  are  certain  physical  symptoms  which  are  readily 
recognized  as  being  caused  by  malnutrition  or  some  pathological  con- 
dition. Principal  among  these  visible  symptoms  are  the  appearance 
of  the  skin  on  the  abdomen,  the  condition  of  the  vent  and  the  anemic 
and  drooping  condition  of  the  comb  and  wattlesj  which  show  only  a 
rudimentary  development  if  the  chick  does  not  receive  the  proper  food 
during  the  period  of  growth.  Each  of  the  above  named  conditions 
would,  in  all  probability,  point  to  some  disturbance  in  the  respiratory 
or  circulatory  systems  or  to  faulty  diet.  The  drooping  of  the  wings 
might  mean  chronic  or  acute  digestive  disorders,  in  the  latter  case  the 
wing-drooping  disappearing  in  a  few  hours.  For  these  and  other  reasons 
the  White  Leghorn  chick  has  been  of  great  service  in  this  laboratory, 
fulfilling  the  desired  conditions  of  experiments  now  in  progress. 

In  view  of  this  fact  it  seemed  most  important  that  we  definitely 
establish  the  normal  curve  of  growth  of  this  breed  of  chickens,  so  that 
an  accurate  control  could  be  made  of  our  laboratory  experiments.  It 
would  naturally  follow  that  any  results  obtained  in  the  laboratory 
which  showed  a  different  rate  of  growth  would  be  called  abnormal  and 
deductions  would  be  made  accordingly. 

'  The  authors  desire  to  expreae  their  appreciation  to  Prof.  J.  J.  Hooper  of  the 
Animal  Husbandry  Department  of  tbia  Station  for  generously  allowing  this  in- 
vest igat ion  to  be  made  at  the  poultry  farm. 
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In  order  to  cover  all  conditions  controlling  our  experiments  we  used 
two  lots  of  pure-bred  Wliite  Leghorn  chickens  which  had  come  from 
the  same  parent  stock,  each  lot  composed  of  sixty  one-day-old  chicks. 

Lot  1  was  raised  under  artificial  conditions  as  follows:  Two  hun- 
dred eggs  were  hatched  in  an  incubator  and  from  the  chicks  obtained 
sixty  were  selected  entirely  at  random  and  placed  in  a  brooder-house 
which  opened  into  a  grass  space  containing  240  square  feet  of  well-sodded 
earth.  These  ehicks  received  numbered  leg-bands  and  were  weighed 
individually  the  day  following  hatching  and  were  so  weighed  every 
week  thereafter,  on  a  torsion  balance  sensitive  to  0.1  gram,  individual 
records  being  kept.  When  a  chick  died  from  any  cause  its  previous 
weight-record  was  discarded  so  that,  at  the  end  of  twenty-eight  weeks, 
we  compiled  our  results  from  the  individual  records  of  the  chicks  remain- 
ing at  that  time.  This  was  done  in  order  to  avoid  any  error  in  the 
average  weight  of  the  chicks  caused  by  a  possible  loss  in  weight  previous 
to  death.  The  ration  used  was  the  standard  Cornell  ration  which  is  as 
follows,  the  chemical  analysis  being  of  the  particular  grain  mixtures  fed. 

Lot  2  was  raised  under  natural  conditions  as  follows:  Two  hundred 
White  Leghorn  chicks  from  the  same  parent  stock  as  lot  1  were  hatched 
under  hens  and  when  the  chicks  were  one  day  old,  sixty  were  selected 
at  random  and  placed  under  four  mother  hens,  being  individually 
weighed  at  that  time  and  weekly  weighings  and  records  made  as  of 
lot  1.  The  chicks  were  cared  for  by  the  mother  hens  and  allowed  to 
roam  at  will  during  the  day  over  a  large  grass  range  and  were  housed 
at  night  in  an  ordinary  coop.  No  special  care  was  given  them  other 
than  seeing  that  they  were  properly  fed  and  watered.  At  the  age  of  6 
weeks  they  were  weaned  from  the  mother  hens  and  were  placed  in  a 
pen  containing  an  appropriate  coop  and  with  access  to  one-acre  ranges. 
At  this  time  lot  1  was  removed  to  a  pen  having  conditions  in  every  way 
similar  to  those  of  lot  2 — the  feed  for  lot  2  being  the  same  as  that  of 
lot  1.  As  soon  as  treading  began  the  cockerels  and  pullets  were  sepa- 
rated to  avoid  any  undue  exercise  on  the  part  of  the  pullets,  which 
•*  might  cause  loss  of  weight.  The  mortality  records  of  these  two  lots  of 
chicks  were  kept  to  determine  the  variation  in  the  vitality  which 
might  be  stimulated  by  the  freedom  and  natural  care  afforded  by  the 
mother  hen  during  early  growth. 
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AHUmB 

DBBD  AB  FOLLOWS 

Perctnt 

MiTtl^Tt  1 

S  parts  rolled  oata 

Protein 

23.15 

1  to  5  days.    No.  1,  mois- 

8 parts  bread  crumba 

Ether  extract  - 

5.30 

tened  with  sour  akimmed 

2  parts   Bifted   beef- 

milk,  fed  five  times  each 

Bcrap 

day.     Mixture  2  in  shal- 

1 part  bone  meal 

low  tray  containing  a 
little  of  No.3  (dry)  always 
before  chicks,  tray  con- 
taining grit  and  charcoal. 
Sprouted  oata  once  each 
day 

Mixture  1 

3  parte  cracked  wheat 

Protein 

12.30 

5  daya  to  2  weeks.    No.  2 

2  parts  cracked  corn 

Ether  extract  - 

4.60 

in  litter  twice  a  day.    No. 

1  part  pinhead  oatmeal 

3,  moistened  with  aour 
skimmed  mUk.  fed  three 
times  a  day.  No.  3  (dry) 
always  available 

Mixture  S 

2  part«  wheat  braa 

Protein 

27.30 

2  to  3  weeka.    As  ahown 

3  parts  corn  meal 

Ether  extract  = 

6.20 

above    except    that    the 

3  parts  vheat   mid- 

moist  maah  ia  given  twice 

dlingB 

a  day 

3    parts    beet    scrap 

(beet  grade) 

1  part  bone  meal 

Mixture  4 

3  part*  wheat  (whole) 

Protein 

12.20 

4  to  6  weeks.    Moist  maah 

3  parts  cracked  corn 

Ether  extract  - 

4.10 

once  a  day;  mixture  4  in 

1  part  hulled  o&ta 

litter  twice  a  day;  dry 
mash  always  available 

Mixture  5 

3  parts  wheat 

Protein 

11.30 

8  weeka  to  maturity.    Noe. 

3  parts  cracked  com 

Ether  extract  - 

2.80 

3  and  5  hopper-fed.  One 
meal  a  day  of  moist  mash 

Fine  grit,  charcoal,  oyster  shell  and  water  were  provided  from  the  start. 
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The  following  table  gives  the  average  weekly  weights  of  the  chicks 
that  remained  at  the  close  of  this  experiment  and  also  the  weekly 
mortality  records.of  the  entire  lots. 


Average  weights  and  morUdily  reeorde  of  While  Leghorn  chickt 


PulieU     Mmi 


Pull«U     He>i 


April  18 

April  25 

May    2 

May    9 

May  16 

May  23 

May  a) 

June    6 

June  13 

June  20 

June  27 

July    4 

July  11 

July  18 

July  25 

August  1.. . . 
Auftuat  3. . . . 
August  15. . . . 
Aiigiiat  22. . . . 
August  29. . 
September  5. 
September  12. 
September  10. 
September  26. 
October  3,,, 
October  10  .  . 
October  17..  . 
October  24.. 
October  31 . . . 


953.2 
980.4 
1063.2 
1154 
]2.'J2,7 
1205. 
1344 
1396 
1430 
1442.6 
1462.1 
1480, 
1528.5 
1500. 
1594  6 


590.4 


S22.1 

030.6 
1071,0 
1109  I 
1150,5 
1194.4 
1234.5 
1245  1 
1264  1 
12S1.3 
1301 
1325  4 
1357  5 


758.4 
926. 
B92.7 
1050.0 
1106.8 
1167.3 
1235,6 
1282,7 
1323,0 
1366.4 
1417.5 
1450.4 
1493,2 
1585,6 
1590,1 


1002.4 
1052.8 
1111,4 
1160  0 
181, 


1346,2 
1371 

1457,7 
1464,5 


From  the  foregoing  table  and  the  graphs  it  will  be  seen  that  the 
average  weight  of  one-day-old  White  Leghorn  chicks  is  41.6  grams 
and  also  that  the  average  cockerel  is  1.15  gram  or  2.8  per  cent  heavier 
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than  the  female  of  similar  age.  The  superiority  in  the  weight  of  the 
cockerels  continues  throughout  the  growing  period.  Furtfier,  it  is 
seen  that  at  the  end  of  twenty-eight  weeks  the  average  chick,  allowed 
the  freedom  and  care  of  a  mother  hen,  develops  a  vitality  which  mani- 
fests itself  in  allowing  those  chicks  to  become  240.3  grams  heavier 
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m "            -                                        ''- 

~                                                A    -Hi 
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»"                                                  '     -r' 

Z          -     "  "-  ::^:z     ;  :;     :: 

» ['  ^             _     ,  _ 

to                                            'i' 

f«         "     ;    ji^^     :^^  --     -- 

4»             _-v  2:  ^     :     -  --     -- 

«£                f   '^       . 

">■--- --^  =  i-if^--  =  =  z--- --- 

x.f-  !             u\ 

X>'               J 

%t-        * 
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Fig.  1.  Chart  showing  the  nonsal  rate  of  growth  and  mortality  records  of 
brooder  raised  (lot  1)  and  hen  raised  (lot  2)  chicks. 

than  those  raised  under  artificial  conditions  as  described.  This  is  also 
borne  out  by  the  mortality  figures.  Each  lot  started  with  sixty  chicks 
and  at  the  end  of  twenty-eight  weeks  ten  had  died  from  some  un- 
known and  unavoidable  causes  in  the  hen-raised  lot  as  against  eighteen 
deaths  in  the  artificially  raised  lot. 
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Finally,  from  our  results  we  feel  justified  in  drawing  the  following 
GonclusionB: 

The  rate  of  growth  of  White  Leghorn  chicks,  as  shown  by  the  graph 
and  tabulation  presented  herein,  closely  approximates  the  normal. 

The  vitaUty  of  hen-raised  chicks  is  superior  to  that  of  artificially 
raised  chicks,  as  shown  by  weight  and  mortality. 

That  physical  conditions  governing  the  first  few  weeks  of  growth 
markedly  affect  the  vitahty  of  the  chick,  which  is  manifest  during  the 
entire  period  of  growth. 
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From  the  Physiological  LaboTOtory  of  McGitl  Univernty,  Montreal,  Canada 

Received  for  publication  October  24,  1918 

In  a  previous  report  (1)  we  have  showD  that  in  tiie  rabbit  the  sub- 
cutaneous injection  of  secretin  brings  about  a  considerable  increase 
in  the  number  of  red  and  white  corpuscles  in  the  blood  stream  by 
directly  stimulating  the  production  of  new  cells.    Bayliss  and  Starling 

(2)  in  Uieir  original  investigation  of  the  pancreatic  mechanism  demon- 
strated the  presence  of  secretin  in  the  intestine  of  the  rabbit  as  well  as 
in  that  of  man,  the  cat,  dog  and  other  animals,  and  concluded  that  it 
is  an  identical  substance  in  all  the  vertebrata.  According  to  the 
hypothesis  of  these  authors  and  the  actual  demonstration  of  Wertheimer' 

(3)  secretin  is  carried  in  the  blood  during  digestion  and  should  then 
be  at  least  as  potent  a  stimulus  to  blood  cell  formation  as  when  experi- 
mentally introduced  into  the  circulation.  The  examination  ,of  the 
peripheral  blood  during  digestion,  therefore,  ought  to  reveal  a  change 
in  the  corpuscle  content  comparable  with  our  experimental  findings, 
i.e.,  an  increase  in  the  number  of  erythrocytes  and  leucocytes  per 
unit  volume. 

The  first  work  in  this  connection  appears  to  have  been  done  by 
Moleschott  (4)  in  1S54.  He  found  an  increase  in  the  proportion  of 
white  corpuscles  to  erythrocytes  which  was  particularly  marked  if  the 
diet  was  rich  in  protein  food.  Hofmeister  (5)  in  1887  called  attention 
to  the  "cellular  richness"  of  the  adenoid  tissue  of  the  intestinal  wall 
during  digestion  on  a  meat  diet  and  Pohl  (6)  went  on  to  show  that  an 
increase  in  the  number  of  white  corpuscles  in  the  circulating  blood 
appears  early  in  digestion  and  persists  for  several  hours.  Goodall, 
Gulland  and  Paton  (7)  and  Gulland  and  Paton  (8)  went  into  this 
subject  in  greatest  detail  and  found  in  dogs  that  the  maximum  leuco- 
cyte count  occurs  three  to  four  hours  after  a  meal.    They  also  showed 
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this  to  be  chiefly  due  to  a  very  constant  increase  in  the  number  of 
lymphocytes,  contributed  to  much  less  regularly  by  a  relative  increase 
in  the  polymorphonuclear  cells.  They  further  deraonatrated  that  the 
source  of  the  leucocytoais  is  entirely,  or  almost  entirely,  the  bone  mar- 
row in  which  they  found  an  increased  rate  of  production  of  white  cor- 
puscles during  digestion. 

Much  fewer  are  the  reported  observations  upon  the  erythrocytes 
during  digestion.  Pohl  (6)  found  a  slight  diminution  in  their  number, 
but  he  made  very  few  determinations  and  did  not  follow  the  count 
through  the  entire  period  of  digestion  in  any  case.  Bimtzen  and 
Sorensen  (9)  reported  an  increase  of  8  to  25  per  cent  and  Andressen 
(10)  a  decrease  of  5  to  12  per  cent  in  the  number  of  erythrocytes  per 
imit  volume  of  blood  in  digestion.  In  estimations  made  before  and 
after  feeding  Goodall,  GuIIand  and  Paton  (7)  foimd  no  change  in  the 
percentage  of  haemoglobin. 

Kallmark  (11)  in  fasting  experiments  on  rabbits  found  a  slight  fall- 
ing off  in  the  total  leucocyte  count  during  the  fast  and,  as  the  most 
marked  change  in  the  differential  count,  a  relative  diminution  of  the 
lymphocytes.  When  the  animals  were  again  fed  the  total  leucocyte 
count  and  the  relative  proportion  of  lymphocytes  both  increased 
above  the  original  level.  If  the  rabbits  were  allowed,  plenty  of  water 
he  noted  no  change  in  the  number  of  erythrocytes.  According  to 
Cabot  (12)  "food  calls  forth  a  greater  leucocj^sis  in  proportion  as  it 
is  a  novelty  to  the  stomach."  Rogers  (13)  and  Swirski  (14)  in  their 
work  on  the  hunger  contractions  of  the  rabbit's  stomach  found  that, 
even  if  the  rabbits  were  put  in  a  wire-bottomed  cage,  when  all  food 
was  withheld  they  would  eat  their  excreta  and  their  stomachs  would 
remain  continuously  partly  filled;  but  if  the  animal's  head  was  suitably 
fastened,  the  stomach  completely  emptied  itself  in  about  twenty-four 
hours.  Therefore,  the  slight  changes  observed  by  Kallmark  may 
possibly  be  explained  by  his  apparent  failure  to  insure  a  tptal  fast  in 
his  rabbits  in  some  such  manner. 

We  have  been  unable  to  find  any  record  of  blood  counts  during  diges- 
tion in  rabbits  which  have  been  made  to  endure  a  total  fast.  In  view 
of  this  fact  it  seemed  worth  while  to  undertake  such  an  investigation 
of  the  red  and  white  corpuscles. 

For  this  purpose  apparently  normal  rabbits  were  selected  and  placed 
in  a  contrivance  which  might  be  aptly  described  as  a  pillory.  This 
consisted  of  a  box  partitioned  into  two  compartments.  The  partition 
was  in  two  halves,  an  upper  and  a  lower,  in  each  of  which  was  a  rounded 
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opening.  These  together  made  an  .ovoid  aperture  through  which 
passed  the  neclt  of  the  rabbit.  When  in  use  the  rabbit's  head  projected 
on  one  aide  of  the  partition  while  his  body  was  on  the  other  aide.  With 
the  animal  thus  fixed  an  absolute  fast  was  readily  maintained.  Each 
rabbit  was  kept  in  this  box  forty  to  forty-four  hours  without  food  but 
was  given  as  much  water  as  it  would  drink. 

At  the  end  of  the  fastii^  period  both  the  red  and  white  corpuscles 
were  counted.  The  animal  was  then  released  and  put  into  a  cage 
where  it  had  free  access  to  food  and  water.  The  food  in  every  case 
consisted  of  green  cabbage  and  oats.  The  rabbit  always  began  eating 
at  once  and  ate  more  or  less  continuously  all  day.  Erythrocyte  and 
leucocyte  counts  were  made  hourly  for  the  six  hours  following  the  ban- 
ning of  the  feeding.  As  in  our  previous  work  the  blood  was  obtained 
from  the  ear  of  the  rabbit.  The  diluting  fluids  used  were  0.5  per  cent 
acetic  acid  for  the  white  corpuscles  and  physiological  saline  solution 
for  the  red  corpuscles.  The  counts  were  made  in  the  usual  manner 
with  the  Thoma-Zeiss  apparatus. 

We  have  made  in  all  ten  determinations,  the  results  of  which  are 
summarized  in  tables  1  and  2.  Theee  show  an  average  increase  of 
76.78  per  cent  in  tiie  white  corpuscles  and  of  18.65  per  cent  in  the  red 
corpuscles.  The  maximum  leucocyte  count  occurred  3.2  hours,  and 
the  maximum  erythrocyte  count  1,9  hours  after  the  feeding  started. 

To  what  extent  are  these  changes  in  the  corpuscle  content  of  the 
'blood  during  digestion  in  the  rabbit  comparable  with  the  effect  of  the 
experimental  administratiob  of  secretin?  The  subcutaneous  injection 
of  1  cc.  of  secretin  solution  (10  mgm.  of  a  dried  acid  extract)  per  kilo- 
gram of  body  weight  is  capable  of  causing  in  the  rabbit  an  increase  in 
the  red  corpuscles  per  unit  volume  of  blood  of  17.07  per  cent,  appearing 
in  50  minutes  and  persisting  63.33  minutes.  The  same  dose  will  bring 
about  an  increase  in  the  white  corpuscles  per  unit  volume  of  44.2  per 
cent,  appearing  in  51  minutes  and  persisting  78.5  minutes  (15).  This 
experimental  effect  of  secretin  is  less,  appears  more  quickly  and  per- 
sists for  a  shorter  time  than  the  findings  in  digestion  noted  above. 
Assuming  that  secretin  is  responsible  for  the  latter  one  would  expect 
such  differences.  Our  experimental  solution  must  necessarily  be  less 
active  than  the  secretin  entering  the  blood  during  digestion ;  a  certain 
delay  must  ensue  after  the  feeding  starts  before  food  begins  to  leave 
the  stomach  and  secretin  to  be  formed;  also  the  formation  of  secretin 
and  its  entrance  into  the  circulation  is  presumably  continuous  though 
not  uniform  throughout  tiigestion  once  the  process  is  started. 
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As  mentioned  above  Gulland.and  Paton  (8)  determined  that  the 
Bonree  of  the  d^estion  leucocytosis  is  an  increased  rate  of  production 
of  white  corpuscles  by  the  bone  marrow.    We  have  demonstrated 


Red  corputcles 

during  digeHion  i 

the  Tabb 

1 

Biroai 

iBT  HOCH 

2d  boo> 

3d  Hooa 

4Ta  BOUB 

STB  HODB 

tlBHOUl 

! 

5 

5 

1 

'""" 

i 

3 

in. 

5.820,000 

5,788,000 

6,504,000 

5,466,000 

5,920,000 

5,888,000 

5,408,000 

9.86 

6,584,00t 

7,36O,O0C 

7,712,0« 

6,920,00C 

6,3»,O0C 

6,064,00( 

6,368,O0C 

17.  la 

5,968,00C 

5,624,00C 

5,464,00C 

fl,8OO,00C 

7,136,00C 

4,960,00( 

s,3S2,ca 

1B.5« 

5,756,00C 

7,O40,0a 

6,144,0a 

G,544,00t 

6,208,001 

6,96O,00C 

6,378,0OC 

22.30 

5,488,0a 

6,S»,00C 

6,880,000 

5,896,00C 

6,008,00C 

5,600,00C 

6,192,000 

25.36 

S,536,0a 

6,736,0« 

5,784,00t 

4,e76,00C 

6,!76,00C 

5,886,00t 

6,32O,00G 

21.  B7 

6,032,00C 

7,328,0OC 

6,288,00t 

6,792,0a 

6,304,00C 

5,360,00C 

5,304,00C 

21. 4H 

5,736,0a 

6,128,00[ 

6,512,0a 

4,800,0a 

5,600,oa 

6,092,00C 

6,720,00e 

13,62 

2 

6,24O,00C 

6,660,0a 

6,880,0a 

6,593,000 

5,936,000 

5,864,00C 

S,896,00C 

10.25 

2 

H 

6,300,000 

6,960,000 

7,776,000 

7,008,000 

5.876,000 

5.916,000 

6,164,000 

25.41 

i 

TABLE  2 
While  corptiecles  during  digesiio 


COCKT 

1.T 

ID 

in 

IT- 

b™ 

nmcMHT. 

«»XI- 

,HD,™ 

HODm 

BOD» 

BODB 

Bons 

BOOB 

"™'"« 

"• 

ibnr. 

I 

8,000 

22,000 

16,600 

16,000 

20,000 

16,000 

12,000 

175.00 

■      2 

10,000 

15,000 

13,000 

12,700 

16,000 

10,000 

6,900 

60.00 

3 

14,000 

15,000 

24,000 

18,600 

13,000 

21,800 

15,000 

71.42 

4 

15,000 

18,000 

19,000 

22,400 

20,000 

20,700 

12,600 

49.33 

6 

23,400 

24,000 

28,000 

18,000 

25,000 

20,000 

17,600 

19.65 

1 

11,000 

12.000 

15,000 

16,000 

14,200 

19,400 

14,000 

76.36 

-      2 

9.600 

11,500 

13,000 

17,600 

16,300 

17,000 

9,000 

82.29 

6 

16.000 

14,000 

22,100 

19,000 

35,000 

18,400 

14,000 

118.74 

.      7 

13.200 

12,500 

21,600 

18,000 

22,000 

14,000 

12,000 

66.66 

8 

12,400 

13,200 

16,000 

17,000 

18,400 

16,400 

14,500 

48.38 

(1)  that  secretin  acts  by  directly  stimulatlt^  the  production  of  both 
red  and  white  corpuscles  by  the  bone  marrow.  May  it  not  be  that  the 
increased  activity  of  the  bone  marrow  in  digestion  is  the  result  of  the 
direct  stimulating  action  of  secretin? 
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Additional  evidence  of  the  change  in  the  corpuscle  content  of  the 
blood  during  digestion  beii^  due  to  secretin  is  afforded  by  Uie  differ- 
ential leucocyte  count.  The  findings  of  Goodall,  Gulland  and  Paton 
(7)  and  of  Kallmark  (11)  indicate  that,  while  the  chai^  in  the  leuco- 
cyte count  during  digestion  is  participated  in  by  all  the  varieties  of 
white  cells,  the  greatest  increase  occurs  in  the  lymphocytes.  We 
have  previously  reported  (16)  the  differential  leucocyte  count  after 
the  administration  of  secretin  as  compared  to  the  normal;  there  also, 
while  all  forms  are  increased  in  number,  the  lymphocytes  show  the 
great«8t  relative  increase. 

CONCLUSIONS 

1.  During  digestion  there  occurs  an  increase  in  the  number  of  botii 
the  red  and  white  corpuscles  per  unit  volume  of  blood. 

2.  These  changes  are  comparable  with  the  effects  produced  by  the 
experimental  administration  of  secretin. 

3.  The  source  of  the  increased  corpuscle  content  of  the  blOod  both 
in  digestion  and  after  the  .administration  of  secretin  is  an  increased 
rate  of  production  of  new  cells  by  the  bone  marrow. 

4.  The  similarity  between  the  differential  leucocyte  counts  in  diges- 
tion and  after  the  administration  of  secretin  is  additional  evidence  of 
secretin  being  the  cause  of  the  increase  in  the  number  of  corpuscles 
during  digestion. 
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The  nunterous  attempts  made  to  detenuine  by  physaologicsl  and 
psychological  tests  whether  there  is  a  monthly  cycle  in  the  Ufe-proo- 
esses  of  women  have  failed  to  give  definite  positive  results,'  except  as 
concerns  the  shght  constant  variations  in  pulse  and  temperature  ob- 
served by  many  workers  (1).  Recent  metabolism  experiments  add 
further  evidence  against  the  old  theory  of  a  rhythmical  movement  for 
they  show  that  there  is  no  pronounced  periodic  variation  in  the  metab- 
olism of  either  nitrogen,  phosphorus  or  calcium  (2),  (3),  (4). 

The  rise  in  temperature  immediately  preceding  and  accompanying 
the  onset  of  menstruation  may  account  for  the  feeling  of  discomfort-^ 
a  certain  amount  of  irritability  and  mental  depresaion^which  is  fre- 
quently felt  by  normal  women  not  troubled  by  dysmenorrhea.  Yet  it 
seems  possible  that  there  may  be  some  variation  in  the  tone  of  the 
nerve  centers. 

With  the  hope  of  throwing  light  on  the  question,  at  Doctor  Howell's 
suggestion,  I  made  a  series  of  observations  on  a  group  of  young  women, 
using  the  knee-jerk  as  the  physiological  index  of  tonus.  It  is  well 
recognized  that  the  extent  of  the  knee-jerk  depends  on  the  activity  of 
the  nerve  centers,  increasing  or  diminJBhing  by  whatever  increases  or 
diminishes  the  tone  of  the  central  nervous  system  (5),  (6),  (7),  (8). 
Further  the  reflex  is  easily  and  constantly  elicited  from  practically  all 
normal  individuals.  An  experiment  in  which  amplitude  alone  is 
employed  as  an  index  of  variation  suffers  under  certain  disadvantages 
for,  as  Lombard,  Bod  witch  and  Warren  and  others  have  shown,  although 
the  ampUtude  is  in  general  proportional  to  the  blow,  various  interest- 
ing and  obscure  conditions  may  cause  remarkable  variations  (7),  (9). 
Dodge  (6)  warns  especially  against  using  amplitude  "as  an  indicator  of 
the  variations  of  any  one  selected  factor."  It  was  considered,  how- 
ever, that  averages  of  a  large  number  of  readings  taken  over  periods  of 
several  weeks  might  be  at  least  suggestive  of  general  tendencies. 
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METHOD  AND  OBSERVATION 

The  apparatus  employed  was  that  used  for  classroom  demoDstrationa 
at  the  Johns  Hopkins  Medical  School.  It  was  so  arranged  with  pulleys 
and  weights  that  a  cord  attached  to  the  heel  pulled  a  pointer  by  which 
the  extent  of  the  kick  was  recorded  on  a  kymograph.  The  taps  were 
administered  by  an  electrical  hammer.  The  technique,  to  be  sure, . 
was  far  from  ideal  but  the  conditions  of  the  experiment  were  kept  as 
constant  as  possible.  For  each  individual  the  observation  hour,  the 
weight  pulled  and  the  arc  through  which  the  hammer  fell  were  the 
same.  From  ten  to  fifteen  contractions  were  recorded  each  day  at 
regular  intervals,  the  height  measured  in  millimeters  and  the  average 
taken.  While  the  records  were  being  made  the  subject  closed  her 
eyes  and  was  asked  to  think  of  something  definitely  apart  from  the 
experiment.  Although  it  became  a  matter  of  routine,  no  doubt  such 
things  as  a  desire  to  be  through  with  the  experiment  or  disquiet  re- 
garding a  coming  class  or  examination  sometimes  acted  as  a  modifying 
influence. 

Fourteen  young  women,  college  students  and  instructors,  served  as 
subjects.  The  ages  ranged  from  eighteen  to  thirty-four  years.  They 
were  in  normal  health  and  the  menstrual  periods  caused  no  interruption 
in  their  regular  college  duties.  Of  the  fourteen,  five  were  finally  dis- 
carded— one  because  of  a  systematic  failure  to  give  a  response  sufficiently 
strong  to  be  accurately  recorded,  two  others  were  so  sensitive  that  the 
subtest  tap  caused  a  kick  often  too  extensive  to  be  r^stered  with  the 
apparatus  used,  while  in  the  other  two  interruptions  in  the  records  at 
critical  periods  unfortunately  decreased  their  value.  On  the  other 
hand  one  subject  (I)  served  as  subject  for  three  different  periods,  sev- 
eral months  intervening  between  each;  another  (VI)  at  two  periods 
with  a  four  months  interval;  while  in  a  third  (IX)  two  years  intervened 
between  the  observations.  The  records  of  t^ese  nine  women  included 
from  one  to  four  menstrual  periods — thirty-three  in  all,  their  duration 
varying  from  four  to  seven  days.  The  four  days  preceding  and  follow- 
ing the  period  have  been  uniformly  considered  as  the  pre-  and  post- 
menstrual  intervals  and  the  remaining  days  of  the  cycle  as  the  inter- 
menstrual phase. 

Both  morning  and  afternoon  records  were  made  from  three  subjecta 
with  the  same  general  results  but  since  those  taken  in  the  morning 
tended  to  be  more  regular,  only  a  morning  hour  was  adopted  for  the 
othev  of  the  group.    The  amplitude  of  the  contractions  for  an  obser- 


yGooglc 


406  JESSIE   L.    KINO 

vation  period  always  varied — sometimes  as  much  as  from  60  to  70  mm. 
— though  in  general  the  tendency  would  be  for  all  to  be  either  high  or 
low.  Unaccountable  changes  naturally  occur  in  the  averages  from  day 
to  day,  for  example  taking  a  few  successive  days  from  the  record  of  an 
intermenstrual  period  the  averages  in  millimeters  are  85,  93,  106,  53, 
33,  35,  19.  Curves  were  plotted  from  the  daily  records  of  each  subject 
but  the  mathematical  curves  with  fewer  irregularities  were  more  easily 
interpreted.  Figure  1  gives  such  for  subject  II;  above  the  daily 
record  a  summary  of  the  days  of  each'  phase  is  given. 

A  consideration  of  the  data  for  each  individual  has  led  to  the  prepa- 
ration of  the  following  summaries. 

In  subject  I  a  rise  occurs  during  four  of  the  menstrual  periods,  de- 
pression precedes  the  onset  and  follows  th6  cessation.  In  the  other 
three  the  maximum  increase  does  not  appear  until  the  postmenstrual 
phase. 

In  subject  II  two  complete  cycles  were  covered,  a  third  cycle  lacked 
the  premenstrual  and  a  fourth,  the  postmenstrual  phase.  In  each  in- 
stance a  premenstrual  rise  is  followed  by  a  period  of  depression  (fig.  1). 

Two  cycles  in  subject  III  show  a  premenstrual  depression  and  a  rise 
during  the  period  but  in  a  third  the  maximum  is  not 'attained  until  Its 


The  record  of  IV  shows  nothing  regular  or  significant  except  a  slight 
depression  during  the  two  menstrual  periods  followed  in  one  by  a  rise 
and  in  the  other  by  continued  depression. 

In  subject  V  a  marked  menstrual  rise  is  preceded  and  followed  by 
depression  in  the  one  cycle  covered. 

The  record  of  VI,  including  almost  five  cycles,  failed  to  give  con- 
stant or  significant  results. 

In  VII  the  one  outstanding  point  was  the  definite  rise  immediately 
following  the  cessation  of  the  two  periods. 

A  premenstrual  rise  is  followed  in  VIII  by  a  gradual  decUne  which 
continues  into  the  postmenBtrual  phase. 

The  first  series  of  observations  on  IX,  including  four  cycles,  show 
nothing  of  significance  but  in  a  second  series  a  premenstrual  rise  pre- 
cedes three  periods  and  in  a  fourth  a  slight  increase  accompanies  it. 

The  general  trend  of  the  curves  of  these  nine  subjects  may  be  more 
readily  compared  by  examining  figure  2,  in  which  for  each  the  aver- 
ages of  the  observations  made  during  all  the  days  of  the  premenstrual, 
menstrual,  postmenstrual  and  intermenstrual  phases  are  shown. 
Summarizing  the  above  results — a  significant  change  in  the  amplitude 
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Fig.  2,  Curves  plotted  from  the  averages  of  all  the  daya  included  ia  the  four 
phases  for  each  of  the  nine  subjects.  (These  curves  are  drawn  on  a  smaller  scale 
than  those  of  figure  1.} 


.,Gbogle 


PERIODIC    VARIATIONS    OF    SNEE-JERK    IN  WOMEN  409 

of  the  knee-jerk  is  shown  in  twenty-three  instances,  occurring  in 
eight  individuals.  Eleven  of  these  show  a  menstrual  rise,  six  a  rise 
immediately  preceding  the  onset  and  six  a  rise  at  its  close.  Ten  periods 
in  four  individuals  show  practically  no  change.  In  some  instances  a 
period  of  decided  depression  precedes  the  menstrual  onset  and  in  the 
majority  of  cases  depression  f^ain  occurs  after  the  high  point  is 
reached,  the  tendency  then  being  to  approach  an  interinenstrual  aver- 
age which  falls  between  the  two  extremes. 

CONCLUSION 

If  the  knee-jerk  may  be  taken  as  a  physiological  index  of  the  tone 
of  the  nerve  centers,  the  evidence  points  in  the  direction  of  the  follow- 
ing conclusions — that  there  is  a  period  of  byperexcitabiiity  immediately 
preceding,  accompanying  or  following  menstruation  and  that  there  is 
then  a  tendency  toward  a  fall  and  an  approach  to  an  intermenstrual 
average. 
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OENEBAL  AND    INTRODUCTORT 

"Hie  object  of  this  research  is  to  gain  more  data  on  the  eignificaitoe 
nS  electrical  deflectioas*  of  living  tissue. 

The  work  here  reported  represents  data  obtained  horn  experiments 
on  the  Bulxnaxillary  gland  of  the  dog.  The  choice  of  the  sulxnaxiDaiy 
gland  for  an  object  of  study  is  obvious.  In  the  Srst  place,  it  is  a  small 
compact  mass  of  tissue  lying  near  the  surface  and  easily  dissected.  It 
has  two  sets  of  nerves  Offering  considerably  in  function,  likewise  easily 
acoessibie.  The  volunie-4ow  of  blood  may  be  controlled  mechanically 
and  by  nerve  stimulation  and  this  flow  measured.  Electrodes  can  be 
easily  and  more  or  less  uniformly  applied.  The  work  of  the  gland  may 
be  quantitatively  controlled  and  measured.  These  advantages  have 
appealed  to  many  for  study  of  phenomena  in  living  tissue  and  conee- 
quently  there  is  a  very  considerable  literature  on  the  physiology  of 
the  salivary  glands  at  our  disposal.  This  is  of  no  anall  importance 
as  regards  the  interpretation  of  such  a  variable  factor  as  electrical 
deflections. 

■  Reported  before  the  American  Phyaiological  Society  ISIO  and  1917.  Pro- 
geedings  in  thia  Journal,  1917,  xlii,  691  and  1918,  ziv,  659. 

*  Th«  term  electrical  deflection  ie  preferred  to  that  of  electrical  variation. 
Hm  term  electrical  variation  will  be  employed  only  to  describe  Tariations  in 
eleetricat  deflections. 
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In  reading  the  literature*  on  electrical  physiology  of  glandular  struc- 
tures one  is  impressed  with  the  variability  of  deflections  obtained  even 
when  the  tissues  presumably  are  activated  and  tt-eated  in  the  same 
manner.  The  difficulty  of  explaining  these  variations,  particularly 
the  ctmiplete  reversal  of  deflections,  has  been  encountered  by  many. 
Unfortunately  in  the  study  of  electrical  physiology  of  glandular  struc- 
tures the  graphic  method  has  been  little  employed.  Visual  observa- 
tions of  the  deflections  of  the  galvanometer  sufficed  to  supply  the  data. 
A  trial  of  this  method  demonstrated  the  difficulty  of  gaining  a  clear 
picture  of  the  electrical  deflections,  let  alone  the  time  relation  of  syn- 
chronous phenomena  in  the  gland.  Therefore  it  seemed  important 
to  use  a  graphic  and  continuous  method  with  which  every  deflection 

in  the  course  of  an  experiment  can 

I    'AI        r— ^  be  recorded.    The  use  of  the  photo- 

'(•)    JL, ^  graphic  method  with  the  string  gal- 

vanometeras  employed  by  Schaeffer, 
and  with  the  d'Arsonval  galvanom- 
eter as  developed  by  Cannon,  were 
considered  but  the  synchronous  pho- 
tographing of  chorda  stimulation, 
of  sympathetic  stimulation,  of  secre- 
tion, volume-flow  of  blood  and  elec- 
trical deflections  seemed  too  cum- 
bersome and  difficult.  In  addition, 
if  a  large  number  of  experiments  are 
performed  the  method  becomes  ex- 
pensive, but  most  important  is  the 
inabiUty  to  follow  the  prioress  of 


Fig,  1.  Device  for  recording  deflec- 
tions of  B  d'Arsonval  galvanometer 
on  smoked  paper.  A,  sliding  target 
for  following  the  reflected  filament; 
B,  guide  for  sliding  target;  C,  wind- 
lass operating  the  target;  D,  pulleys; 
E,  weighted  shaft  carrying  writing 
point;  F,  guide  for  weighted  sbatt. 


the  experiment.  A  pictiwe  of  the  results  is  available  only  after  the 
experiment  is  completed.  The  importance  of  knowing  at  the  time 
when  constant  defiections  are  obtained  so  that  a  new  variable  might  be 
introduced  became  evident  in  the  course  of  the  research  and  proved  to 
be  a  most  important  factor. 

A  graphic  method  of  recording  deflections  of  a  d'Arsonval  galva- 
nometer on  smoked  paper  was  developed.  With  this  method  the  em- 
ployment of  controls  was  an  easy  matter.  While  using  the  method 
I  learned  that  Spaeth  employed  the  same  principle  for  recording  the 
movements  of  melanophores,  and  more  recently,  that  the  method  has 
been  in  use  in  psychological  laboratories  for  recording  electrical  defleo- 
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tioQB.  But  the  device  developed  proved  of  such  value  in  this  research 
that  it  is  shown  in  figure  1.  The  deflections  are  followed  by  an  assist- 
ant. A  horizontally  sliding  tai^t,  operated  by  a  windlass,  is  kept  in 
line  with  the  horizontally  reflected  filament  of  the  galvanometer. 
Attached  to  the  target  by  thread  is  a  vertically  moving  writing  point 
which  records  the  deflections.  With  the  type  of  galvanometer^  used 
the  deflections  were  easily  followed.  Though  at  times  these  deflec- 
tions are  rapid  and  require  some  skill  to  follow  promptly,  the  laii;  is 
only  momentary  and  imperceptible  with  the  slowly  revolvit^  drum 
usually  employed. 

By  the  use  of  this  method,  employed  continuously  throughout  an 
experiment,  a  partial  explanation  of  the  vanabihty  of  deflections  was 
made  possible.  That  8<Hne  of  these  variations  are  more  apparent  than 
real  is  shown. 

The  Williams  box  proved  most  convenient  for  controlling  the  com- 
pensating current.  The  non-polarizable  electrodes  were  the  usual 
cotton,  filter  paper  variety. 

The  electrical  deflections  accompanying  glandular  activation  and 
recovery  were  continuously  recorded.  The  gland. was  most  commonly 
activated  by  stimulation  of  the  chorda  tympani,  by  stimulation  of  the 
sympathetic  fibers  alone  or  with  the  ve^us  fibers,  and  by  injection  of 
pilocarpin.  The  effects  of  adrenin,  pituitrin,  atropin,  saUne  solution, 
etc.,  and  of  mechanical  interference  of  the  blood  supply  to  the  gland  or 
interference  to  the  flow  of  saliva  through  the  duct  were  also  determined. 

To  assist  in  the  interpretation  of  the  accompanying  deflections, 
various  synchronous  records  were  made:  blood  pressure,  volume- 
flow  of  blood  by  an  automatic  and  bloodless  method,  salivary  secretion, 
time  in  seconds,  time  and  duration  of  stimulation,  of  injections,  of 
chai^  in  blood  supply  and  of  obstruction  of  the  salivary  duct. 

Two  types  of  leads  were  employed  the  "two  gland  lead"  and  the 
"one  gland  lead."  With  the  two  gland  lead  both  glands  are  exposed 
and  an  electrode  placed  on  the  outer  surface  of  each.  This  arrange- 
ment suffices  for  studying  eEFects  of  procedures  limited  to  one  gland 
only,  such  as  stimulation  of  the  glandular  nerves  on  one  side  or  obstruc- 
tion of  the  salivary  duct.  If  the  effects  of  activation  are  bilateral,  as 
with  injections,  isolation  of  one  gland  by  a  previous  mass  Ugature  is 

*  The  galvanometer  used  in  this  research  is  made  by  the  Leede  ft  Northrup 
Compaoj'.  They  give  the  following  description  in  bulletin  228. — Galvanometer 
Reeiatance  Obma  6S0,  Seositivitj  10,000  megohms  —  lO^**  amperes,  Period  Sec- 
onds 17.6,    Critical  damping  resistance,  ext«raal,  ohms,  20,000. 
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necessary.  Such  a  ligature  initiates  changes  in  the  gland,  disturbing 
the  electjical  equilibrium  for  some  time.  But  if  this  ligatiire  is  made 
at  the  beginning  of  the  operation  equilibriifm'is  usually  established  by 
the  time  observationa  of  electrical  deflections  begin. 

When  the  "one  gland  lead"  is  employed  both  electrodes  are  placed 
on  the  activated  gland,  one  usually  on  the  hilus  and  the  other  on  the 
outer  surface  opposite  the  hilus  or  a  point  slightly  posterior  to  it. 

With  the  "two  gland  lead"  the  electrodes  are  always  placed  so  that 
an  upward  deflection  indicates  an  increased  negativity  of  the  lead  on. 
the  activated  gland  (the  active  lead)  with  respect  to  the  lead  on  the 
resting  or  dead  gland  (Uie  indiffereot  lead).  With  the  one  gland  lead 
the  hilus  is  usually  the  constant  lead  (exceptions  to  this  will  be  noted). 
Upward  deflection  indicates  the  outer  surface  of  the  gland  to  be  elec- 
trically negative  to  the  hilus  surface. 

Each  type  of  lead  gives  a  more  or  leas  characteristic  deflection — some- 
times very  similar,  depending  upon  the  points  of  the  gland  led  from. 
But  even  though  the  general  appearance  of  the  deflections  be  dis- 
similar, careful  study  of  the  crests  and  depressions  will  show  them  to 
be  comparable. 

A  typical  deflection,  with  the  fundamental  crests  and  depressions, 
obtained  by  chorda  stimulation  of  about  sixty  seconds  duration  with 
a  "two  gland  lead,"  is  shown  in  figure  2.  It  is  composed  of  four  n^a- 
tive  waves  or  crests,  I,  2,  3  and  4,  and  four  depressions,  I,  2,  3  and  4. 
The  upstrokes  are  designated  as  negative  components  1,  2,  3  and  4, 
and  the  down  strokes  as  positive  components,  1,  2,  3  and  4. 

At  the  beginning  of  this  research  the  "two  gland  lead"  alone  was 
employed  and  with  it  a  d^p*ee  of  similarity  of  deflections  was  obtained 
which  gave  promise  of  approaching  a  uniformity  of  results  necessary 
for  interpretation  of  the  deflections,  yet  not  infrequently  laarked  dis- 
similarities occurred.  Therefore  the  problem  was  to  determine  the 
nature  of  these  unknown  variables  in  order  that  only  one  new  and 
known  variable  at  a  time  might  be  introduced  for  study. 

The  maintenance  of  the  uniform  condition  of  the  animal,  a  uniform 
application  of  the  leading  off  electrodes  and  the  uniform  apphcation 
of  the  stimulating  electrodes  proved  very  importuit  in  reducing  the 
variable  factors.  This  is  evident,  for  a  sii^le  deflection  may  last  as 
long  as  twenty  minutes  and  such  deflections  separated  by  an  hour  or 
more  are  frequently  compared. 

In  addition  to  the  variabihty  of  the  individual  deflections  we  often 
have  a  continual  shifting  of  the  electrical  base  line,  the  electrical  cou- 
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ditioQ  of  rest.  Tbis  shifting  of  the  base  line  has  a  double  source. 
As  in  the  case  of  the  variabihty  of  deflections,  it  also  is  dependent 
upon  uniformity  in  the  coitdition  of  the  tissues  and  in  the  application 
of  the  leading  off  electrodes. 

The  most  important  factor  in  keeping  the  condition  of  the  animal 
constant  is  uniform  anaesthesia  which  was  accomplished  by  the  admin- 
istration of  a  relatively  large  injection  of  morphine  sulphate.  Tlie 
amount  of  ether  given  was  usually  adjusted  at  the  beginning  of  the 
.experiment  and  kept  at  that  adjustment  to  the  end  for  it  was  noted 
that  a  Budden  charge  in  the  etherization  often  produced  an  electrical 
deflection. 

The  other  source  of  change  in  the  base  line  is  at  the  leading-off 
electrodes — attributable  to  either  shifting  of  position  or  to  drying. 
A  considemble  shift  in  the  position  of  the  gland  is  without  effect  on 
the  base  line  provided  the  wisp  of  cotton  of  the  electrode  moves  with 
the  gland.  Electrodes  mounted  on  rods  of  block  tin  and  properly 
applied,  tog^her  with  sufficient  onaestbetization  to  prevent  the  larger 
movements  overcome  this  difficulty.  A  common  source  of  shifting  of 
the  base  hne  is  the  drying  of  the  electrodes  but  contacts  condsting  of 
heavy  wisps  of  cotton,  frequently  moistened  with  saline  prevent 
such  shifting. 

Unifonnity  of  application  of  the  stimulating  electrodes  is  absolutely 
necessary  in  quantitative  work  and  for  comparison  of  a  series  of  deflec- 
tions with  long  intervening  periods.  By  employing  certain  precau- 
tions uniformity  of  stimulation  is  obtainable.  The  chorda  lingual 
nerve,  dissected  to  the  maximum  length,  witb  all  the  branches  cut 
excepting  the  chorda  tympani,  was  placed  in  shielded  electrodes 
mounted  on  rods  of  block  tin  and  protected  by  moist  cotton.  Injury 
to  the  chorda  tympani  fibers  was  prevented  and  diffuse  stimulation 
secured  by  placing  the  thickest  part  of  the  nerve  in  the  electrodes  and 
by  using  large  animals.  The  cut  end  of  the  nerve  was  weighted  witb 
thread  and  lead  weight  so  as  to  maintain  constant  pressure  against 
the  electrodes. 

Presumably  any  change  in  the  metabolic  processes  of  a  tissue  is 
accompanied  by  some  electrical  response.  The  factors  which  may 
influence  the  processes  of  the  submaxillary  gland  are  therefore  very 
numerous.  Strength  of  stimulation  of  the  nerves  leading  to  the  gland, 
duration  of  stimulation,  period  of  rest  between  periods  of  stimulation, 
variations  in  the  volume-flow  of  blood,  resistance  to  the  flow  of  saliva, 
injection  of  pilocarpin,  adrenin,  atropin,  etc.,  are  among  those  studied. 
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Id  this  paper  only  data  of  general  intorest  are  conaidered.  A  more 
detailed  study  forms  the  basis  of  another  paper. 

Activation  of  the  gland  by  stimulation  of  the  chorda  tympani  is 
the  moet  perfectly  controllable  means  of  altering  the  processes  in  the 
gland.  It  is  the  only  method  used  in  the  expreriments  described  in 
this  paper  which  deals  with  the  effects  of,  a,  duration  of  stimulation; 
b,  strength  of  stimulation;  c,  period  of  rest  between  periods  of  stimula- 
tion; d,  exercise,  and  e,  leads. 

In  studying  the  effect  of  varying  any  one  of  these  factors  it  is  neces- 
sary  to  know  that  the  particular  change  introduced  is  the  only,  or  at 
least  the  main,  factor  varied.    This  can  be  the  case  only  if  there  are 


Fig.  3.  Deflection  showing  the  effect  of  varying  the  duration  of  stiioulatioD. 
Secretion  in  drops  is  efaowh  in  curves  B  and  C.  In  curve  A,  the  atimulua  wbb  too 
abort  to  elicit  secretion.  Crest  number  four  is  only  partiaJly  shown  in  figure 
3,  C. 


no  slowly  pn^ressing  changes  in  the  animal  as  a  whole  or  in  the  gland 
itself  as  a  result  of  activation.  It  is  therefore  necessary  to  make  con- 
trol observations  to  determine  whether  any  unknown  variable  is  oper- 
ating.  In  making  these  controls  conditions  were  kept  as  constant  as 
the  methods  permitted,  i.e.,  a  constant  lead  was  employed,  the  chorda 
lingual  nerve  stimulated  the  same  length  of  time,  with  the  same  strength 
of  stimulus  and  with  equal  periods  of  rest  intervening.  If  similar 
deflections  were  obtaised  with  similar  activation  as  indicated  by  the 
number  of  drops  of  saliva  and  the  electrical  deflection,  it  was  assumed 
that  conditions  were  constant  enough  for  introducing  a  variable.  Very 
frequently  at  the  beginning  of  an  experiment  the  gland  reacted  dif- 
ferently for  a  period  of  an  hour  or  more,  but  occasionally  equilibrium 
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of  the  base  line  and  unifonnity  of  deflection  were  eatabliflied  in  a 
short  time. 

a.  Duration  of  atimvlaium.  By  keeping  constant  the  lead,  the 
strength  of  stimulation  and  the  period  of  rest  between  periods  of  stim- 
ulation, the  effect  of  varying  the  duration  of  stimulation  was  studied 
(see  fig.  3).  The  lead  in  this  case  was  a  "one  gland  lead,"  one  ele^ 
trode  resting  on  the  hilus  of  the  activated  gland  and  the  other  approx- 
imately opposite  this  point  on  the  outer  side  of  the  gland. 


Fig.  4.  Deflections  showing  the  effect  of  changinK  streugth  of  atimuliui.  Th« 
lead  is  constant,  the  period  of  rest  five  minutes,  the  period  of  atimulation  tnrantj 
seconds.  The  strength  of  stimulation  is  progressively  decreased  from  A  U>  D 
and  again  increased  from  D  to  ^. 


With  a  very  ^ort  stimulus  of  about  a  second's  duration,  crest  num- 
ber 1  alone  may  appear  as  a  low  sharp  wave.  Frequently  this  is 
followed  by  a  low  slowly  developing  wave,  which  may  be  crest  number 
4  (see  fig.  3,  A).  By  prolonging  the  atimulation,  creat  number  two 
is  added  and  the  appearance  of  crest  number  4  made  more  certain 
(fig.  3,  B).  With  the  addition  of  crest  number  2,  crest  number  1  may 
not  always  be  as  distinctly  seen.  This  depends  on  the  rapidity  of  the 
development  of  the  second  negative  component.    If  this  component 
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develops  strongly  before  the  first  negative  component  haa  completed 
its  effect  upon  tbe  galvanometer  and  before  the  first  positive  com- 
ponent comes  into  play,  the  first  and  second  n^ative  components  may 
be  more  or  less  completely  fused.  In  certain  experiments  the  second 
n^ative  component  may  develop  so  slowly  that  the  first  positive  cchu- 
ponent  reaches  the  base  line  and  separates  crests  1  and  2  completdly. 
In  figure  3  fusion  is  only  partial.    Though  many  curves  show  complete 


Fig.  5.  DeflectioDB  ahowing  the  effects  of  rest.  Strength  of  stimulBitioii  wu 
constant,  the  duration  of  stimulation  was  twenty  seconds  in  each  obHervatiou. 
The  period  of  rest  preceding  deflection  A  waa  30  minutes;  B,  5  minutes  and  C, 
16  minutes.  Though  the  same  amount  of  secretion  is  elicited  in  each  case  the 
deflections  vary  but  spproidmate  each  other  with  the  approximation  of  the 
period  of  rest. 

fusion  component  number  1  can  be  elicited  by  special  methods  in 
every  animal.  If  the  stimulus  is  prolonged  still  more  than  in  3  .il  and 
B,  crest  number  3  is  added  and  crest  number  4  is  usually  enlarged 
(fig,  3,  C).  This  is  the  common  picture  produced  by  prolonged  chorda 
stimulation;  the  original  is  shown  in  figure  2.    There  are,  however, 
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certain  exceptiona — additional  waves  may  appear  and  creat  number 
4  may  be  absent.    These  will  be  considerod  in  a  later  paper. 

b.  Strength  of  sHmidua.  By  keeping  constant  the  duratioQ  of  stim- 
ulation,  the  duration  of  rest  and  the  lead,  the  effect  of  varying  the 
strength  of  stimulation  may  be  studied,  as  shown  in  figure  4.    In  these 


Pig.  6.  ObBervatiouB  showing  a  changing  secreCory  response  to  stimuli  of 
equal  strength  and  duration  applied  at  equal  intervals,  with  the  development  of 
reversal  of  the  electrical  deflection. 

observations  the  strength  of  stimulation  is  pr(^re88ively  diminished 
from  A  to  D  and  increased  again  to  F.  A  changing  contour  with 
diminishing  strength  of  stimulation  and  the  approximate  duplication 
of  curves  on  increasing  the  strength  of  stimulation,  such  as  is  seen 
here,  occurs  even  though  two  instead  of  one  variable  may  be  introduced 
in  this  experiment.    The  difficulty  of  confining  the  variables  to  strength 
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of  stimulatioD  aJone  is  apparent,  for  a  period  of  rest  following  a  period 
of  strong  stimulation  is  relatively  shorter  than  a  period  of  rest  follow- 
ing a  weaker  stimulation.  In  these  observations,  however,  strength 
of  stimulation  appears  to  be  the  important  variable. 

c.  Duration  of  rest.  The  effect  of  rest  is  shown  in  figure  5,  three 
observations  ia  which  the  lead,  the  duration  and  strength  of  stimula- 
tion were  constant  but  the  rest  preceding  such  stimulations  variable. 
Tlie  period  of  rest  preceding  observation  A  was  thirty  minutes; 
observation  B  five  minutes;  observation  C  fifteen  minutes.  The 
change  in  contour  with  changii^  rest  and  the  approximation  of  con- 
tour with  approximation  of  the  period  of  rest  become  obvious  upon 
ciHuparing  deflections  A,  £  and  C.  This  ohai^  in  contour  is  particularly 
interesting  in  view  of  the  fact  that  the  amount  and  rate  of  secretion 
remain  the  same.  In  the  two  preceding  experiments  on  the  efifect  of 
duration  and  of  strength  of  stimulation,  the  contour  of  the  deflections 
may  be  largely  accounted  for  by  the  changiiig  rate  and  amount  of 
secretion.  These  factors  are  however  missing  in  the  present  instance. 
The  difference  in  the  deflections  accompanying  equ^  secretions  may 
possibly  be  looked  upon  as  an  effect  of  altered  time  relation  between 
such  processes  as  liberation  and  elaboration  of  secretion  resulting  from 
altered  periods  of  rest. 

d.  Exercise.  Occasionally,  as  in  the  precedii^  experiment,  a  pre- 
vious stimulation  of  the  chorda  tympani  has  Uttle  or  no  noticeable 
effect  upon  the  amount  of  secretion  obtained  by  subsequent  stimula- 
tion. Not  infrequently,  however,  when  a  series  of  stimuli,  of  equal 
strength  and  duration  with  equal  periods  of  rest,  is  applied  to  the 
chorda  lingual  nerve  the  preceding  stimulus  has  its  effect  on  the  sub- 
sequent stimulus.  This  has  been  looked  upon  as  an  effect  of  exercise. 
When  the  electrical  deflections  have  been  recorded  in  such  observations 
changes  in  contour  occurred.  (See  fig.  6.)  The  general  contour  of 
the  curves  varies  considerably,  producing  what  is  known  as  a  reversal 
of  the  deflection,  but  a  more  careful  study  shows  that  these  variations 
are  more  apparent  than  real — that  the  fundamental  crests  appear  in 
each  deflection  and  that  it  is  only  their  ampUtude  and  positions  which 
are  altered  by  a  change  in  the  balance  of  the  adjacent  negative  and 
positive  components.  To  what  extent  these  changes  in  balance  are 
due  to  the  effect  of  exercise  and  how  much  to  the  increased  response 
of  the  gland  to  stunulation,  it  is  difficult  to  say.  But  the  observation 
is  of  interest  in  that  it  shows  a  difference  ih  response  to  stimulation 
and  also  that  it  shows  the  gradual  development  of  a  so-called  reversal. 
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The   obaeiratioD   illustratee   the   difficulty  occasionally  met  with  in 
interpreting  deflections  and  in  securii^  proper  controls. 

6.  Lead.  The  two  general  typea  of  leada — "one  and  two  gland 
leads" — have  already  been  described,  arid  mention  has  been  made  of 
the  fact  that  the  deflections  obtained  with  these  two  leads  may  re- 
semble each  other  closely.  To  facilitate  the  description  of  various 
leads,  certain  points  on  the  gland  are  numbered  frcnn  1  to  8.  (See  fig. 
7).  Numbers  1,  2  and  3,  are  on  the  outer  side  of  the  gland,  4,  5,  6, 
7  and  8  on  the  edge  of  the  gland  between  the  outer  and  inner  surfaces. 
The  points  corresponding  to  1,  2  and  3  on  the  inner  surface  of  the  gland 
are  niunbered  1',  2'  and  3';  2'  corresponds  to  the  biius  of  the  gland. 
If  the  lead  is  a  "one  gland  lead,"  the  leads  coming  from  the  hilus  and 
a  point  directly  opposite  on  the  outer  surface,  it  is  designated  lead 
2'  -  2.  Occaaionally  the  lead  may  not  be  over  a  numbered  point; 
e.g.,  it  may  be  between  2  and  3.  In 
that  case  the  lead  is  designated  as  lead 
2'- (2 -3). 

If  the  lead  is  a  "two  gland"  or  a 
symmetrical  lead,  one  electrode  (the 
indifferent  electrode)  on  the  dead  or 
resting  gland  and  the  other,  e.g.,  on 

IX     ■,  Q  u  ( .1. '    u  point  2  of  the  activated  gland,  the  lead 

Fig.  7.  Schema  of  the  submax-     f    ,     .        ,    ,        ,      ,  „     „ 
illary  gland  ahowiag  leads..  ^  designated  as  lead  S  -  2. 

In  fieure  8  is  shown  a  serira  of  de- 
flections obtained  with  a  two  gland  lead  resulting  from  chorda  stimula^ 
tions  of  equal  duration  (10  seconds)  and  equal  intensity,  the  points  of 
appliaation  of  the  electrodes  being  designated  for  each  deflection. 
The  deflection  changes  distinctly  with  each  lead,  more  with  some 
than  with  others,  e.g.,  in  observations  A,  B  and  C  (leads  S  -  2,  S  - 1, 
and  S  -  2').  the  electrical  variation  is  greater  than  in  observations  C, 
D  and  G  (leads  S  -  4,  S  -  5  and  S  -  (5  -  6) ) .  Each  deflection  is  typi- 
cal for  the  lead  for  when  pairs  of  observations  are  taken  for  each  lead  the 
deflections  in  each  pair  show  a  close  resemblance  to  each  other,  which 
is  ateent  in  deflections  from  different  leads.  Or  if  one  is  fortunate 
enoi^h  to  keep  conditions  very  constant,  with  careful  application  of 
the  electrodes,  duplicate  series  may  be  produced.  In  figure  8,  deflections 
A  and  F,  and  C  and  G  (each  pair  having  approximately  the  same  lead) 
resemble  each  other  most  closely  even  though  separated  by  a  consid- 
ei>ble  interval  of  time.  (With  observations  A  and  F  the  leads  pre- 
sumably are  the  same;  with  observations  C  and  G,  the  leads  are  only 
approximately  the  same). 
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Figure  9  shows  a  series  of  deflections  obtained  with  a  "one  gland 
lead."  The  typical  difference  between-  a  one  and  two  gland  lead  ia 
brought  out  fairly  well  by  comparison  of  figures  8  and  9.  In  the 
series  of  figure  9,  even  though  the  lead  was  changed  for  each  subse- 
quent oberaration,  there  is  an  approximate  duplication  of  the  deflec- 


Fig.  8.  Deflections  showing  the  effect  of  chftngjag  leads.  The  curves  are 
obtained  from  "two  gland  leads,  "the  lead  on  the  dead  gland  remains  constant, 
the  lead  on  the  activated  gland  is  shifted  as  designated  in  the  figure.  ^,  S  -  2, 
B,  8-1;  C,  S-5.5;I»,  8-4;  E,  8-2';  F,  S~2,  O,  8-5. 

tions  when  the  leads  are  repeated  as  in  observations  B  and  H.    (Leads 
2'-  1),  £  and  f  (leads  2'-3),  and  J!)  and  G  (leads  2'-  (3'-  6) ). 

The  observations  represented  in  figures  8  and  9  illustrate  the  im- 
portance of  knowing  definitely  the  lead  employed  if  an  interpretation 
of  the  defiectioD  is  to  be  made  or  the  observations  of  different  workers 
are  to  be  compared.    Thoi^h  in  the  "two  gland  leads"  the  deflections 
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are  mainly  above  the  electrical  base  line  of  rest,  in  the  "one  gland 
leads,"  large  deflections  below  the  base  line  occiu-.  The  extent  to 
which  this  occurs  in  the  "one  gland"  lead  differs  with  the  points  led 
off.  For  example,  deflection  B,  when  compared  with  deflection  A 
(f^.  d),  might  be  considered  a  complete  reversal  yet  the  proceaaefl 
represented  by  the  deflections  are  the  same.  Therefore  a  description 
of  a  reversal  of  the  usual  deflection  without  mention  of  the  lead  means 


Fig.  9.  Defiectiona  BhowiDg  the  effect  of  changiaK  leads.  The  c 
obtaioed  from  "one  glaod  leads,"  the  2'  or  hilun  lead  remaining  constant.  A; 
2»'-6;  B,  2'-l;  C,  2* -2;  D,  2' -(3' -6);  E,  2' -3;  F,  2' -3;  G,  2'-(.r-6). 
ff.  2'-l. 


little,    llie  reversal  with  a  constant  lead  as  seen  in  figure  6  however, 
is  of  interest. 

/.  Dtirati&n  of  stimvlaHon,  strength  of  atimulaiioti,  period  of  rest  and 
leads  constant.  From  the  observations  so  far  cited  it  is  apparent  that 
the  electrical  deflections  are  attributable  to  the  nature  and  the  Bequence 
of  processes  going  on  within  the  gland  and  to  the  type  of  lead  employed 
to  register  the  electrical  changes  accompanying  these  processes.  That 
comparable  control  deflections  can  be  obtained  was  pointed  out  in  the 
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b^intUBg  of  the  paper  and  now  that  the  effect  of  varying  a  number  of 
factors  has  been  shown  it  might  be  of  interest  to  know  bow  constant 
the  conditions  in  a  gland  may  be  kept  and  how  accurately  these  con- 
ditions are  reSected  in  the  electrical  deflections. 

If  we  have  an  animal  whose  condition  remains  constant  and  if  we 
employ  a  series  of  stimuli  of  equal  strength  and  duration  separated 
by  equal  periods  of  rest,  the  nature  and  sequence  of  the  secretory 
and  recovery  processes  should  be  the  same  provided  the  period  of 
rest  is  long  enough  for  recovery  and  the  efEects  of  exercise  do  not  enter. 
If  these  conditions  are  met  one  might  expect  the  electrical  deflections 
to  be  constant  with  a  constant  lead.     It  is  only  if  this  is  true  that  the 


'  Fig.  10.  DeRectioDS  obtained  under  constant  conditions  with  strength  and 
duration  of  atimulation  and  the  intervening  periods  of  rest  equal. 

electrical  deflections  may  be  considered  a  reliable  index  to  glandular 
processes  and  that  interpretations  of  the  deflection  become  possible. 

In  the  series  of  observations  shown  in  figure  10  the  chorda  tympani 
nerve  was  stimulated  in  each  case  for  8  seconds  with  stimuli  of  equal 
strength,  a  constant  period  of  rest  of  5  minutes  intervening.  In  each 
case  exactly  eight  drops  of  saliva  were  secreted.  The  deflections  are 
practically  superimposable  and  reflect  the  constancy  of  intensity  and 
sequence  of  glandular  processes. 

Knowing  in  a  general  way  the  significance  of  some  of  the  more 
important  variables  we  are  better  prepared  to  study  in  detail  certain 
factors  influencing  glandular  function  and,  therefore,  the  electrical 
responses. 
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It  will  be  DOted  in  figure  2  that  secretory  fluctuations  run  parallel 
with  crests  2  and  3.  To  study  the  relation  of  these  and  other  phe- 
nomena to  blood-flow  an  automatic  and  bloodless  method  of  recording 
the  volume-flow  of  blood  was  devised  and  is  described  in  paper  II. 
In  figure  3  of  that  paper  a  record  of  volume-flow  of  blood  with  pro- 
longed chorda  stimulation  k  shown.  Paper  III  deals  with  the  nature 
of  ihe  fluctuation  in  flow  there  noted,  with  the  effect  of  volume-flow 
of  blood  on  metabolism,  the  effect  of  metabolism  on  volume-flow  of 
blood. 


The  object  of  this  teaeardi  •was  to  study  the  significance  of  electrical 
deflections  in  living  tissue. 

The  sulMnaxillary  gland  was  chosen  as  a  type  of  tissue  easily  acces- 
sible for  study  and  with  .functions  well  controllable. 

The  gland  was  activated  by  stimulation  of  the  chorda  tympani 
fibers,  under  varying  circumstances,  with  stimuli  of  varying  intensity 
and  duration.    The  associated  deflections  were  recorded. 

On  account  of  the  great  variabiUty  of  electrical  deflections  common 
to  glandular  structures,  a  continuous  and  graphic  method  of  record- 
ing these  deflections  on  smoked  paper  was  employed. 

The  advantages  of  this  method  over  the  photographic  method  are 
discussed.  It  permits  the  recording  of  every  deflection,  the  establish- 
ment of  control  observations  and  shows  the  results  during  the  progress 
of  the  experiment. 

To  aid  in  the  study  of  these  deflections,  blood  pressure,  salivary 
secretion,  volume-flow  of  blood  and  time  in  seconds  were  synchronously 
recorded. 

A  prolonged  chorda  stimulation  of  about  sixty  seconds  duration 
usually  produces  a  deflection  of  four  crests,  the  result  of  a  balance  of 
four  negative  and  four  positive  components. 

Thoi^  most  deflections  are  comparable  in  their  essential  points, 
employing  a  single  type  of  lead  and  activating  the  gland  presumably 
under  constant  conditions  elicits  deflections  varying  in  general  contour. 

To  determine  the  unknown  variables  producing  these  electrical 
variations  special  precautions  were  taken. 

By  keeping  the  general  condition  of  the  ammal  constant,  using  a 
constant  lead  and  activating  the  gland  with  stimuli  of  equal  duration, 
equal  intensity  and  separated  by  equal  periods  of  rest,  it  was  possible 
to  obtain  superlmposable  deflections. 
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With  the  Eiid  of  such  controls  it  was  shown,  by  varying  single  factors, 
that  the  contour  of  the  electrical  deSections  may  be  decidedly  altered 
by  change  of  strength  of  stimulation,  of  intensity  of  stimulation,  of 
leads,  of  the  period  of  rest  and  by  the  factor  of  exercise. 

Where  the  leads  are  constant  the  electrical  variations  may  be  attrib- 
utable to  changes  in  intensity  and  sequence  of  such  processes  as  liber- 
ation of  secretion,  elaboration  of  secretion,  recovery,  etc. 

The  cardinal  points  of  a  typical  deflection  are  usuaUy  present, 
though  the  balance  of  components  may  change  markedly  the  general 
contour  of  the  deflection. 

This  contour  may  change  to  what  is  known  as  a  reversal.  If  the 
change  in  deflection  occurs  with  a  constant  lead  it  is  of  aigni&cance. 
If  it  occurs  as  result  of  an  altered  lead  it  is  of  no  value  in  indicating 
altered  glandular  processes. 

This  research  is  considered  only  as  a  necessary  preliminary  to  further 
detaUed  study. 
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STUDIES  ON  THE  SXJBMAXILLARY  GLAND 

II.  An  Autouatic  and  Bloodlesb  Method   of   Recording 
Volume-flow  of  Blood' 

ROBERT  GESELL 


Received  for  publication  October  26,  1S18 

In  the  study  of  electrical  variations  of  the  submaxillu-y  gland,  I 
found  that  an  interpretation  of  these  variations  required  a  coutinuoufi 
record  of  the  volume-flow  of  blood  through  the  glMid. 

Though  the  electrical  variations  are  purely  local  reactions,  they 
nevertheless  are  infiuenced  by  fluctuations  of  the  general  condition  of 
the  animal  and  for  that  reason  it  is  essential  to  keep  this  condition  as 
uniform  as  possible.  Since  at  times  it  is  necessary  to  compare  deflec- 
tions separated  by  intervals  of  an  hour  or  more,  the  usual  methods  of 
recording  the  volume-flow  of  blood  would  introduce  serious  difficulties. 
The  rigid  requirements  of  the  experiment  suggested  the  importance  of 
developing  a  new  method  for  recording  the  flow  of  blood. 

In  the  method  which  was  developed  the  blood,  without  coming  in 
contact  with  any  foreign  substance,  is  automatically  measured  as  it 
flows,  at  approximately  zero  pressure,  through  the  vein  toward  the 
heart.    (See  figs.  1  and  2.) 

In  measuring  the  volume-flow,  of  blood  of  the  submaxillary  gland, 
1,  the  jugular  vein,  2,  is  cleanly  dissected.  Every  branch  with  the 
exception  of  the  branches  coming  from  the  gland  is  ligated.  The  vein 
is  then  placed  in  the  trough,  S,  of  the  instrument  under  the  emptying- 
plate,  4,  and  under  the  cut-off,  5,  which  rests  upon  an  extension  of  the 
floor  of  the  trough.  The  emptying-plate  and  cutofE  are  pivoted  at 
€  and  7  and  are  operated  respectively  by  the  emptying  solenoid,  8, 
and  the  cut-off  solenoid  9.    The  cut-off  is  held  down  on  the  vein  by 
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the  constaDt  pull  of  the  spring,  10,  attached  to  the  frame  of  the  cu^ff 
solenoid.  The  emptying-plate  ia  perfectly  balanced  and  free  to  swing 
in  a  vertical  direction. 

Tbia  arrangement  permits  the  automatic  filling  and  emptying  of  the 
vein  lying  in  the  trough.  With  the  vein  empty  and  the  cut-off  closed, 
the  vein  is  filled  by  the  blood  coming  from  the  gland  and  raises  tiie 
emptying-plate  imtil  the  cut-off  contact,  11,  is  made.  This  contact 
closes  the  circuit  of  the  cut-off  solenoid,  the  iron  core,  1^,  attached  by  a 
piston,  13  (to  be  described)  to  the  cut-off,  is  drawn  down  against  the 
pull  of  the  spring,  10,  and  the  cut-off  opens,  permitting  the  blood 
collected  under  the  emptying-plate  to  pass  to  the  heart.  When  the 
vein  collapses,  the  emptying-plate  foUows  and  the  cut-off  circuit  is 
broken.  The  cut-off  closes  the  vein  until  the  cut-off  contact  is  again 
made  by  the  refilling  of  the  vein.  In  this  way  the  vein  automatically 
fills  and  empties  at  a  rate  dependent  on  the  volume-fiow  of  blood. 

This  describes  the  operation  of  the  instrument  in  its  simplest  fonn 
in  which  the  cut-off  solenoid  alone  is  used.  Though  records  of  volume- 
flow  of  blood  are  obtainable  with  an  instrument  of  this  kind,  a  few 
modifications  were  necessary  to  per  ect  the  method  and  to  make  it 
yield  quantitative  data. 

In  the  instrument  without  an  emptying  solenoid,  the  vein  is  filled 
against  a  positive  pressure  (weighted  emptying-plate)  which  assists  in 
emptying  the  vein  during  the  period  in  which  the  cut-off  is  open. 
The  blood  however  has  considerable  viscosity  and  inertia,  and  there- 
fore a  constant  we^t  which  can  be  employed  on  this  emptying-plate 
is  insufficient  to  empty  the  vein  completely  during  the  short  period 
that  the  cut-off  is  open-  In  addition  respiratory  variations  of  venous 
pressure  continually  obtaining  on  the  cardiac  side  of  the  instrument 
vary  the  degree  of  emptying  of  the  vein.'resulting  in  a  very  irregular 
record.  This  irregularity  may,  however,  be  overcome  by  applying  to 
the  emptying-plate  a  force  of  sufficient  strength  to  make  the  venous 
pressure  oscillations  negligible.  But  even  so  the  resistance  of  the 
blood  is  sufficient  to  permit  different  degrees  of  emptying  of  the  vein 
if  the  short  period  during  which  the  cutr-off  is  open  varies  only  a  frac- 
tion of  a  second.  It  was  therefore  necessary  to  prolong  the  open 
period  of  the  cut-off  as  well  as  to  apply  a  strong  emptying  force  to  the 
vein  during  this  period.  By  prolonging  the  open  period  of  the  cut-off 
beyond  that  necessary  to  obtain  complete  emptying  of  the  vein,  it  is 
unnecessary  to  have  these  periods  of  constant  duration. 
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Pig.  1 

Figs.  I  aod  2.  Schema  and  photogrftpb  of  the  automatic  and  bloodless  volume- 
flow  recorder.  I,  submaxillary  gtand;  I,  external  jugular  vein;  3,  trough;  i, 
emptying-plate;  S,  cut-off;  9,  pivoting  point  of  the  arm  of  {he  emptying-pUt«; 
7,  pivoting  point  of  the  cut-off  arm;  8,  emptying  solenoid;  8,  cut-off  solenoid; 
10,  closing  spring  of  cut-off;  tt,  cut-oS  contact;  It,  core  o!  cut-off  solenoid;  IS, 
cut-off  piston;  14,  ball-bearing  valve;  IS,  opening  communicating  between  ex- 
terior and  piston;  IS,  air  space  of  cylinder;  IT,  platinum  plate;  18,  spring-brass 
strip;  IB,  emptying-eolenoid  contact;  SO,  core  of  emptying  solenoid;  tl,  bat- 
teries; tt,  heart;  IS,  relay. 
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This  period  is  prolonged  by  a  piston  with  a  ball  valve,  14,  attached  to 
the  cut-off  core  and  to  the  cut-off  arm.  The  opening,  16,  connects  the 
exterior  and  the  air  space,  16,  of  the  cylinder  and  casing  of  the  core.  The 
ball  is  freely  movable  and  rests  over  the  communicating  opening.  This 
arrangement  pennits  the  free  entrance  of  air  into  the  cylinder  and  a 
quick  downward  movement  of  the  piston  is  possible,  but  at  the  end 
of  the  stroke  the  ball  again  closes  the  opening  and  the  piston  can  now 
rise  only  if  the  air  above  escapes.  The  escape  takes  place  through  an 
escape  valve  not  shown  in  the  diagram.    By  the  regulation  of  this 


Fig.  2 

valve  together  with  the  regulation  of  the  closing  spring  the  rate  of 
closure  of  the  cut-off  is  controlled.  During  the  entire  open  period  of 
the  cut-off,  a  force  is  applied  to  the  emptying  plate  by  means  of  sole- 
noid 8,  which  brings  about  complete  emptying. 

From  the  previous  description  it  is  apparent  that  the  proloi^ation 
of  the  open  period  is  dependent  on  the  length  of  the  down  stroke  of 
the  cut-off  core-  Though  a  solenoid  may  exert  a  powerful  pull  when  a 
continuous  current  flows,  this  pull  may  be  very  small  when  only  a  ■ 
temporary  closure  occurs.  The  duration  of  the  closure  of  the  cut-off 
contact  is  so  short  that  it  is  necessary  to  prolong  in  a  mechanical  way 
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the  period  of  flow  of  current  through  the  cut-ofF  solenoid.  This  is 
accomplished  by  placing  a  specially  constructed  relay  in  the  cutniCE 
circuit.  The  solenoid  of  this  relay  is  powerful,  the  core  is  heavy,  and 
by  mounting  one  of  the  platinum  contacts  on  a  flexible  strip  of  spring- 
brass  attached  to  the  core,  the  bendii^  of  the  strip  against  the  second 
contact  on  each  closure  secures  the  necessary  prolongation. 

Aside  from  these  modifications  the  instrument  works  on  the  same 
general  principles  as  the  simpler  instrument.  With  the  vein  empty 
and  the  cut-ofF  closed,  the  emptying  plate  -rises  until  the  cut-oS  con- 
tact is  made.  But  now,  when  the  cut-off  opens,  a  platinum  pl&te, 
17,  mounted  on  a  flexible  strip  of  spring  brass,  18,  is  bent  down  on  the 
emptying  solenoid  contact,  19,  closing  the  circuit  of  the  emptying 
solenoid.  The  iron  core,  SO,  suspended  in  the  solenoid  and  attached 
to  the  arm*  of  the  emptying  plate  by  a  thread  or  a  brass  spring,  is 
drawn  up  and  exerts  its  force  on  the  emptying  plate  so  long  as  the 
contact  of  the  emptying  solenoid  is  made.  This  contact  is  prolonged 
by  the  flexibility  of  the  spring-brass  strip  and  by  the  retardation  of 
the  closing  of  the  cut-ofF.  The  height  of  the  contact  is  so  adjusted 
that  the  contact  is  broken  only  when  the  cut-off  is  completely  closed. 
The  breaking  of  the  contact  releases  the  force  on  the  emptying  plate 
and  the  vein  ia  free  to  fill  again  against  zero  pressure,  for  the  emptying 
plate  is  balanced  by  the  long  arm  connected  with  the  emptying 
solenoid. 

When  the  emptying-plate  compresses  the  vein,  there  is  a  tendency 
for  the  blood  to  be  expressed  in  both  directions.  This  is  overcome 
by  giving  the  plate  a  very  slight  tilt  which  sends  the  bulk  of  the  blood 
in  the  direction  of  the  heart. 

The  volume-flow  is  graphically  recorded  by  a  mgnal  magnet  in 
circuit  with  one  of  the  solenoid  circuits.  Figure  3  is  a  record  of  the 
volume-flow  of  blood  of  the  submaxillary  gland  showing  the  effect  of 
stimulation  of  the  chorda  tympani.  The  nmnber  of  strokes  per  unit 
of  time  may  be  regulated  to  meet  the  demands  of  the  experiment  and 
the  volume-flow  of  blood  obtaining  With  a  rapid  flow  of  blood  a 
coarse  adjustment  is  usually  best  while  with  a  very  slow  flow  a  fine 
adjustment  of  the  cut-off  contact  shows  the  changes  in  volume-flow 
more  quickly.  These  adjustments  are  easily  made  by  the  screw  show- 
ing in  the  photograph  (fig.  2).  Raising  this  contact  diminishes  the 
'  degree  to  which  the  vein  fills  in  each  interval.  For  qualitative  work 
this  adjustment  may  be  freely  used  but  for  quantitative  work  it  is 
'  to  cahbrate  the  vein  for  every  adjustment;  and  in  doing 
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quantitative  work  it  is  therefore  desirable  to  set  the  adjuBtment  at 
some  mean  position  suitable  for  all  conditions  of  the  experiment. 

The  principle  on  which  the  instrument  is  constructed  should  permit 
quantitative  measurements  if  the  emptying  solenoid  contact  is  prop- 
erly adjusted,  and  this  is  an  easy  matter.  In  this  case  all  the  blood 
passing  through  the  vein  is  measured,  for  the  vein  is  never  completely 
open.  It  is  always  closed  either  at  the  lower  end  of  the  trough  by 
the  cut-off  or  at  the  upper  end  by  the  upper  edge  of  the  emptying* 


That  the  number  of  strokes  in  the  record  of  volume-flow  varies  in 
direct  proportion  to  the  volume-flow  of  blood  was  demonstrated  in 


•^^ 


^g.  4.  cm  drop  recorder.    /,  Submaxillary  gland;  t,  external  jug;ular  vein; 
S,  volume-flow  recorder;  4,  blood;  J,  oil;  tf,  aiphon;  7,  dropper. 

two  ways:  (1)  The  external  jugular  vein  was  isolated  and  connected, 
with  a  burette  containing  saline  solution.  Records  were  then  made 
of  volume-flowB  of  known  quantities  of  saline  solution.  The  number 
of  strokes  of  the  instrument  was  directly  proportional,  within  an  errOT 
of  about  2  per  cent,  whether  the  flow  was  rapid  or  slow.  (2)  The 
other  method  consisted  in  measuring  the  volume-flow  of  blood  through 
the  vein  in  situ  by  the  bloodless  method,  and  in  measuring  it  again 
by  collecting  the  blood  after  passing  the  instrument.  For  this  purpose 
the  blood  is  permitted  to  flow  from  the  vein  through  a  syringe  needle 
and  rubber  tube,  and  the  drops  are  recorded  (see  fig.  4).  By  varying 
the  volimie-flow  of  blood  in  various  ways,  it  was  found  that  the  results 
obtained  by  the  two  methods  agreed  perfectly. 
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In  employing  the  drop  method  for  quantitative  work,  difficulties  in 
maintaining  a  constant  size  of  the  drop  due  to  clotting  of  the  blood 
occur.  These  are  overcome  by  leading  the  blood  into  a  bottle  contain- 
ing oil,  communicating  to  the  exterior  by  an  overhanging  siphon 
(see  Eg.  4).  The  blood  as  it  enters  the  bottle  sinks  and  displaces  the 
oil.  This  oil  is  siphoned  off  and  exerts  a  small  suction  on  the  vein. 
At  the  end  of  the  siphon  is  a  specially  constructed  dropper  to  insure 
a  unifonn  drop  of  oil.  The  oil  emet^es  at  the  side  of  the  dropper  as 
shown,  instead  of  the  bottom,  and  runs  down  the  outer  surface  of  a 
perfect  brass  sphere.  Any  slight  change  in  position  of  the  dropper 
will  therefore  have  no  effect  on  the  size  of  the  drop.  An  additional 
precaution  is  necessary  and  that  is  to  keep  the  lower  surface  of  the 
dropper  free  itom  clinging  air  bubbles.  The  needle  which  is  used  for 
drawing  the  blood  is  inserted  with  the  bevel  facing  downward  and  is 
,  held  in  that  position  with  slight  upward  tension  on  the  vein,  by  the  rod 
of  block  tin. 

The  two  methods  described  for  testing  the  accuracy  of  the  instru- 
ment are  the  methods  also  used  in  calibrating  the  instrument  in  quan- 
titative experiments. 

If  the  first  method  is  used  (calibration  by  injection),  the  flow  of 
blood  from  the  tissue  under  study  is  temporarily  shut  off  and  a  known 
amount  of  solution  run  into  the  vein  above  the  instrument,  the  solu- 
tion after  passing  the  instrument  entering  the  general  circulation. 

In  the  second  method  (calibration  by  bleeding),  the  blood  i)aBsing 
the  instrument  during  the  period  of  calibration  is  lost  to  the  animal. 

Calibration  by  bleeding  is  the  simplest  method  and  the  one  to  be 
preferred,  but  the  method  selected  will  depend  upon  the  amount  of 
blood  flowing  from  the  tissue  and  the  degree  to  which  hemorrhage 
affects  the  experiment.  The  period  of  calibration,  at  the  most,  need 
not  be  much  over  a  half-^ninute,  and  in  such  a  case  as  the  submaxillary 
gland  the  loss  of  blood  is  negligible  and  therefore  caUbration  by  bleed- 
ii^  is  the  method  of  choice  (should  the  loss  of  even  small  quantities 
of  blood  be  detrimental  to  the  experiment,  reinjection  of  the  blood 
which  passes  the  instrument  should  be  an  easy  matter).  Where  the 
blood  flow  is  freer,  as  in  the  case  of  the  kidney,  calibration  by  injection 
is  the  method  of  choice. 

If  a  calibration  is  to  be  of  service  for  any  lei^h  of  time  we  must  be 
sure  that  the  caliber  of  the  vein  does  not  vary.  The  greatest  source 
of  caliber  change  is  drying  of  the  vein.  This  can  be  avoided  by  the 
use  of  absorbent  cotton  moistened  in  saline  which,  pulled  out  into  a 
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thin  sheet  is  light  enough  to  ofifer  no  impediment  to  the  flow  of  blood 
when  placed  on  the  vein.  The  whole  of  the  expoeed  vein  with  the 
exception  of  the  part  in  the  trough  is  covered  and  with  an  occasional 
moifitening  of  the  cotton  and  an  occaaionaJ  drop  of  saline  in  the  trough, 
the  vein  keeps  in  perfect  condition  through  prolonged  experiments 
up  to  death.  Taking  such  precautiona  I  have  found  the  calibration  to 
remain  constuit  for  periods  of  an  hour  and  a  half  or  more. 

The  automatic  volume-flow  recorder  was  developed  primarily  for 
studying  the  volume-flow  of  blood  throu^  the  submajdllary  gland. 
It  has,  however,  a  wider  application.  The  blood  of  any  of  the  tissues 
sudi  as  skin,  fat,  bone  or  muscle  that  can  be  led  into  a  larger  vein,  can 
be  measured.  The  instrument  is  so  shaped  that  it  can  be  inserted 
into  the  abdomen.  It  is  therefore  possible  to  measure  with  it  the  flow 
of  blood  through  the  adrenal  glands,  for  example.  In  a  few  experi- 
mentfl  in  which  the  volimie-flow  of  the  kidney  was  measured,  the, 
method  proved  satisfactory.  For  recording  the  flow  of  this  organ, 
the  inferior  vena  cava  serves  as  the  reservoir  under  the  emptying-plate. 
By  Ugating  the  cava  at  the  iliac  bifurcation,  a  reservoir  of  maximum 
size  is  obtained.  Whether  this  reservoir  is  of  sufficient  size  to  acctxn- 
modate  the  volume-flow  of  any  kidney  under  any'  condition  has  not 
been  determined.  The  application  of  the  method  to  various  organs 
and  tissues  is  a  problem  in  itself  which  has  not  been  thoroughly  looked 
into. 

SUlOfABT 

An  automatic  and  bloodless  method  of  reoordiag  the  volum&4ow  of 
blood  is  described. 

With  this  method  the  blood,  without  coming  in  contact  with  any 
foreign  substance,  is  measiu^  as  it  flows  through  a  vein  on  its  way  to 
the  heart. 

The  blood  to  be  measured  is  led  into  a  large  vein.  This  vein,  serv- 
ing as  a  reservoir,  is  placed  in  the  trough  of  the  volume-flow  recorder. 

By  means  of  solenoids  and  electrical  contacts  operating  a  cut-off 
and  an  emptying-plate,  the  vein  automatically  fills  and  empties,  the 
blood  flowing  o"  to  the  heart. 

The  frequency  of  filling  and  emptying  varies  in  direct  proportion  to 
the  volume-flow  of  blood  and  is  recorded  by  a  signal  magnet  in  circuit 
with  one  of  the  solenoids. 

The  capacity  of  the  vein  lying  in  the  trough  may  be  varied  mechan- 
ically by  raising  or  lowering  the  cut-off  contact.    This  adjustment 
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permits  the  adaptation  of  the  inBtniment  to  different  rates  of  Uood- 
flow. 

The  method  may  be  used  to  measure  the  volume-flow  of  blood  from 
a  number  of  tissues.  Its  full  application,  howevOT,  has  not  yet  been 
worked  out. 

The  advantages  of  the  method  are:  a,  by  calibration  of  the  vein 
the  procedure  is  made  quantitative  without  the  usual  direct  measure- 
ments  of  the  blood;  b,  it  is  automatic  aod  therefore  requires  very  little 
attention;  c,  it  is  bloodless  and  therefore  does  not  require  the  use  of 
anti-coagulants;  and  d,  it  may  be  used  over  long  periods  of  time  with- 
out affecting  the  general  condition  of  the  animal. 
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INTRODUCTORY 

The  original  purpose  of  this  paper  was  to  study  in  detail  certain 
phases  of  the  electrical  deflections  of  the  salivary  gland  in  an  attempt 
to  reach  an  interpretation  of  the  components  described  in  the  first 
paper.  For  an  understanding  of  the  significance  of  these  components 
an  insight  into  the  nature  and  sequence  of  the  metabolic  processes 
occurring  during  secretion,  recovery  and  rest  is  needed  and  for 
that  reason  the  metabolism  of  the  gland  was  studied  under  varj^ng 
conditions. 

While  this  work  was  in  progress  it  assumed  a  practical  as  well  as  a 
purely  theoretical  interest  in  connection  with  the  problem  of  shock. 
Though  shock  may  be  initiated  by  a  variety  of  forms  of  tissue  abuse — 
anaesthesia,  cold,  fatigue,  thirst,  etc.,  along  with  inflicted  injury — 
the  disturbances  set  up  by  these  forma  of  tissue  abuse  might  in  many 
instances  be  of  leaser  importfuice  were  it  not  for  their  associated  cir- 
culatory disturbances.  Even  after  largely  removing  the  initiating 
causes  of  shock  their  detrimental  effects  on  volume-flow  may  persist 
and  help  to  sustain  the  condition'. 

Since  normal  as  well  as  abused  tissues  are  dependent  upon  an  ade- 
quate volume-flow  of  blood  the  effects  of  decreased  flow  appeared  to 
be  most  important,  the  most  amenable  to  study  and  to  treatment.  It 
is  a  matter  of  some  importance,  therefore,  to  determine  the  flow  which 
is  adequate  for  normal  nutrition. 

>  Reported  in  part  before  the  Amerieao  Physiological  Society,  Proceedinga  in 
this  Journal,  1918,  xlv,  545. 

*  See  page  469  of  paper  IV  for  a  fuller  discussion 
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The  question  of  determimng  the  minimal  flow  of  blood  necessary  to 
maintain  the  tissues  in  a  normal  condition  is  by  no  means  an  easy  one 
for  we  know  that  tissues,  even  though  the  flow  of  blood  is  very  low  or 
even  absent,  may  vigorously  respond  to  stimulation.  Tissues  there- 
fore, evidently  possess  a  factor  of  safety  both  in  the  form  of  stored 
energy  and  in  the  form  of  ability  to  work  under  unfavorable  conditions 
for  a  long  period  of  time  without  sustaining  injury,  but  on  the  other 
hand  there  is  the  possibihty  that  tissues  apparently  responding  in  a 
normal  way  may  be  undergoing  a  progressive  decline.  It  seemed  that 
this  question  could  be  elucidated  in  part  by  a  study  of  the  mechanism 
regulating  the  volume-flow  in  both  active  and  resting  tissue  by  the 
methods  developed  in  the  study  of  electrical  deflections  of  the  sub- 
maxillary gland. 

The  view  that  vaso-dilator  nerves  are  of  fundamental  importance  in 
producing  increased  blood-flow  during  tissue  activation  is  accepted  by 
many.  Others  believe  that  the  action  of  vasodilator  fibers  has  not 
been  definitely  proved  and  that  the  increased  metabolism  always  pre-- 
cedes  and  is  the  peripheral  chemical  cause  of  the  increased  flow  of 
blood.     (Gaskell,  Barcroft  and  Henderson  and  Loewi  and  others.) 

It  was  this  problem  of  the  mechanism  of  the  control  of  volume- 
flow  of  blood,  b^un  in  connection  with  the  observations  of  the  syn- 
chronous fluctuation  of  the  electrical  deflection,  of  secretion  and  of 
volume-flow  of  blood  accompanying  prolonged  chorda  stimulation 
that  I  was  studying  when  the  interest  in  shock  developed.  (See  fig.  1.) 
It  seemed  that  the  two  problems,  the  theoretical  and  the  practical, 
might  be  followed  simultaneously  and  it  should  be  mentioned  here  that 
the  results  in  this  paper  will  be  considered  primarily  from  a  theoretical 
point  of  view.  Their  practical  apphcation  will  be  considered  in  the 
following  paper. 

THEORETICAL 

When  the  chorda  lingual  nerve  is  stimulated  for  a  period  of  a  minute 
or  more  and  the  associated  electrical  deflection  recorded,  crests  1,  2 
and  3  usually  appear.  If  the  secretion  and  the  volume-flow  of  blood 
are  likewise  recorded  fluctuations  corresponding  with  crests  2  and  3 
occur.     (See  fig,  1.) 

These  fluctuations  in  secretion  may  be  variously  explained.  They 
may  be  due  to  causes  other  than  the  synchronous  changes  in  volume- 
flow  of  blood  but  if  volume-flow  is  a  factor  it  is  a  question  of  theoreti- 
cal and  practical  interest  to  know  the  sequence  of  events;  whether 
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increased  volume-flow  of  blood  is  primary,  accelerating  secretion,  or 
whether  it  is  secondary  to  an  accumulation  of  metabolites  accelerating 
the  volume-flow  of  blood. 

Causes  of  secretory  fiudualions  during  prolonged  chorda  etimulation. 
a.  The  fluctuations  in  secretion  may  be  the  result  of  inhibitory  action 
of  the  chorda  tympani  fibers  upon  the  secreting  cells;  thus  Langley 
(I)  found  after  incomplete  paralytic  doses  of  nicotine  that  salivary 
secretion  produced  by  chorda  stimulation  was  mainly  an  after-effect. 
Dale  and  Laidlaw  (2)  likewise  noted  that  if  the  chorda  tympani  is 
stimulated  during  the  rapid  secretion  occurring  at  the  cessation  of  the 


Fig.  2.  After-secretion  showing  effect  of  short  chorda  BttmuUtion.  S.,  sali- 
vary Becretion,  E.,  electrical  deflection,  C,  chorda  Btimulation. 

original  stimulation,  the  secretion  is  again  retarded.  Applying  this 
observation  to  more  normal  conditions,  they  state  that 

there  is  an  indication  of  double  effect  of  the  chorda  even  before  the  administra- 
tion of  an  alkaloid,  in  that  the  rate  of  secretion  falls  off  towards  the  end  of  pro- 
longed stimulation  to  be  accelerated  again  at  the  end  of  stimulation. 

In  this  research  these  results  have  been  repeatedly  confirmed.  See 
the  effect  of  prolonged  chorda  stimulation  on  secretory  fluctuations  in 
figure  X  followed  by  an  after-secretion.  In  figure  2  note  the  effects  of 
short  stimulation  during  the  period  of  after-secretion.  The  primary 
increase  in  rate  of  sahvary  flow  suggests  a  contraction  of  the  ducts 
expressing  the  contained  secretion.  The  subsequent  period  of  retarded 
flow  suggests  a  dilatation  of  the  ducts  taking  up  the  steady  after-secre- 
tion. These  results  bring  into  question  whether  in  the  case  of  pro- 
longed chorda  stimulation  the  slowing  of  secretion  following  the  first 
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rapid  secretion  is  an  effect  of  aecretory  inhibitory  fibers  or  is  due  to 
changes  in  caliber  of  the  salivary  ducts. 

b.  The  fluctuations  of  secretion  may  also  be  connected  with  varia- 
tion in  the  amount  of  water  directly  at  the  disposal  of  the  celb  for 
secretion;  for  Barcroft  (3)  found  it  necessary  to  ignore  the  first 
minute  of  stimulation  to  obtain  a  constant  relation  between  the  amount 
of  saliva  secreted  and  the  amount  of  water  lost  by  the  blood  in  passing 
through  the  gland.  I^e  observations  of  Bunch  (4)  on  volume  changes 
in  the  gland  during  chorda  stimulation  point  in  the  same  direction. 

c.  A  possible  factor  operating  to  produce  secretory  fluctuations  is 
the  effect  which  a  sudden  increase  in  metabolism  itself  has  upon  sub- 
sequent metabolism,  as  demonstrated  in  the  staircase  phenomenon  in 
a  series  of  muscular  contractions.  A  concentration  of  metaboUtes 
developed  during  the  period  in  which  the  pre^onned  saUva  is  beii^ 
liberated  might  have  an  effect  upon  further  response  to  prolonged 
chorda  stimulation. 

d  and  e.  Two  other  possible  explanations  of  the  fluctuation  in  secre- 
tion have  to  do  with  the  interdependence  of  .volume-flow  of  blood  and 
metabolism,  the  particular  phase  of  the  problem  in  which  we  are  now 
interested. 

The  second  increase  in  secretion  may  be  due  to  the  second  increase  in 
volume-flow  of  blood,  but  on  the  other  hand  the  increaae  in  volimie- 
fiow  of  blood  may  follow  an  increase  in  metabolites  resulting  from  the 
increased  secretion. 

To  throw  light  on  this  question  of  the  control  of  volume-fiow  and 
on  the  dependence  of  nutrition  on  volume-flow  certain  mechanical, 
nervous  and  chemical  factors  affecting  flow  of  blood  were  studied. 

The  effect  of  arterial  compression  on  the  response  of  the  gland  to  8(tmu- 
laHon  of  the  chorda  tympani.  Interference  with  the  blood-flow  to  the 
gland  should  pennit  the  study  of  combined  effects  of  ischaemia  and  of 
greater  concentration  of  metabolites  during  chorda  stimulation. 
Thou^  considerable  work  has  been  done  on  this  problem  (5),  (6), 
(7)  and  (8),  I  was  interested,  during  the  study  of  electrical  deflections 
in  another  phase,  namely,  the  effects  of  arterial  compression  on  the 
electrical  deflections.    Some  results  then  obtained  are  given  here. 

Assuming  that  compression  of  the  artery  invariably  decreases  the 
volume-flow  of  blood,  we  might  expect  a  uniformity  of  results.  For 
the  most  p^  a  decrease  in  the  response  of  the  gland  to  stimulation 
occurred  but  striking  exceptions  were  noted.  I  hesitate  to  describe 
these  results  for  the  reason  that  they  have  not  been  noted  by  others 
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and  that  later  when  an  interpretation  of  the  results  was  sought  by  a 
synchronous  record  of  the  volume-flow  of  blood,  they  could  not  be 
duplicated.  They  must,  therefore,  be  taken  for  what  they  are  worth. 
Figure  3,  A,  of  experiment  46  shows  the  results  of  chorda  stimulation 
with  and  without  compression  of  the  artery.  Compression  in  each 
instance  accelerates  secretion  with  an  apparent  alteration  of  the  proc- 
esses of  secretion.     At  least  this  is  su^ested  by  the  electrical  deflec- 


Fig,  3.  RecordB  showing  effect  of  arterial  obstruction  on  secretion  and  elec- 
trical defiectioD  with  chorda  stimulation.  The  records  marked  O  were  obtained 
during  obetruction.    Figures  3  A  and  B  are  from  exp.  46,  figure  3  C  from  exp.  47. 

tion,  for  the  deflection  on  compression  is  increased  out  of  all  propor- 
tion to  the  acceleration  of  the  secretion. 

Figure  3,  B,  of  experiment  46  shows  the  effect  of  carotid  compres- 
sion during  prolonged  chorda  stimulation.  The  acceleration  in  secre- 
tion and  the  disproportionate  increase  in  the  deflection  occur  again. 
Another  point  in  this  record  exciting  speculation  is  that  although 
crests  2  and  3  appear  during  chorda  stimulation  before  obstruction, 
they  are  duplicated  by  arterial  obstruction.     In  figure  3,  C,  experiment 
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47,  the  enhancing  effects  of  arterial  compreeeion  are  small  uid  transi- 
tory yet  the  acceleration  of  secretion  with  the  duplication  of  crests 
2  and  3  occurs  again. 

The  experiments  indicate  the  possibility  of  a  transitory  stimulation 
by  certain  grades  of  ischaemia.  The  possibility  that  the  response 
might  be  due  to  an  effect  of  central  asphyxia  transmitted  to  the  gland 
through  the  sympathetic  fibers  occurred  to  me  too  late  to  make  the 
necessary  controb. 

Observaiions  on  the  volume-fiow  of  blood  duriTig  prolonged  chorda  atimu- 
IcOion  without  carotid  obsfrudion.  While  some  of  the  results  of  arterial 
compression  might  suggest  that  certain  grades  of  asphyxia  have  aji 
enhancing  effect  on  secretion,  the  records  of  volume-fiow  during  chorda 
stimulation  in  agreement  with  most  of  the  results  obtained  with 
arterial  compression,  seem  to  suggest  the  reverse.  For  they  show 
fluctuations  in  volume-fiow  running  parallel  with  the  fluctuations  in 
secretion  and  electrical  defiections.     (See  fig.  1). 

The  interpretation  of  these  results  depends  upon  the  exact  sequence 
of  changes  in  secretion  and  in  the  volume-flow  of  blood  and  upon  the 
extent  the  two  are  dependent  on  each  other.  An  answer  to  this  ques- 
tion m^t  decide  the  issue  between  the  metabolite  and  the  vaso- 
motor nerve  control  of  volume-flow  of  blood. 

The  fluctuations  in  volume-fiow  are  probably  not  due  to  the  abstrac- 
tion of  water  from  the  blood,  for  in  the  first  place  the  secretion  formed 
is  not  as  great  as  the  fiuctuation  in  the  volume-flow.  In  the  second 
place,  identical  changes  in  volume-flow  of  blood  can  be  elicited  by  a 
weak  stimulation  that  fails  to  produce  secretion  in  the  normal  gland, 
and  by  strong  stimulation  of  the  chorda  tympani  after  a  paralytic 
injection  of  atropin  sulphate.  The  fluctuations  in  volume-fiow  of 
blood,  therefore,  appear  to  be  vasomotor  phenomena,  either  of  nervous 
or  metabolic  origin. 

a.  It  is  difficult  to  devise  a'  direct  experiment  to  determine  the  time 
relations  between  vasodilatation  and  metabolism  (secretion)  owing  to 
the  difficulty  in  determining  the  moment  of  vasodilatation.  The 
latent  period  of  secretion  ehcited  by  chorda  stimulation  as  measured 
by  the  appearance  of  sahva  is  variable  but  when  measured  by  the 
electrical  deflection  the  response  of  the  gland  is  prompt,  so  that  the 
moment  of  stimulation  marks  closely  the  beginning  of  secretion.  The 
latent  period  of  dilatation  as  measured  by  increased  volume-flow  of 
blood  is  prolonged  by  the  filling  of  the  capillary  bed. 


yGooglc 


FACTORS  CONTROLLING  VOLDME-FLOW  OF  BLOOD  445 

b.  Atropinization  experiments  eeemed  for  a  time  to  give  direct 
evidence  of  independent  systems  of  fibers,  vasodilator  and  secretory, 
for  after  apparently  paralyzing  the  secretory  function  of  the  chorda 
tympani  fibers,  electrical  stimulation  still  produces  an  increase  in 
volume-fiow  of  blood  suggesting  the  unimportance  of  metab- 
olites. Barcroft  (9),  however,  finds  even  after  atropinization  chorda 
stimulation  still  accelerates  the  gaseous  metabolism  of  the  gland  and, 
therefore,  the  metabolite  theory  of  vasodilatation  is  not  invalidated. 

c.  Another  apparently  direct  method  which  has  been  used  to  dem- 
onstrate the  presence  of  two  sets  of  fibers  is  the  grading  of  stimulation. 
Fibers  differing  so  much  in  function  as  secretory  and  vasodilator  fibers 
might  well  differ  in  their  threshold  of  stimulation.  A  number  of  work- 
ers have  elicited,  with  weak  stimulation,  an  increased  volume-flow  of 
blood  without  an  accompanying  secretion,  concluding  the  presence  <tf 
both  types  of  fibers  in  the  chorda  tympani.  1  have  had  no  diflSculty 
in  duplicating  these  results,  but  synchronous  records  of  the  electrical 
deflections  surest  that  even  though  the  conclusion  regardii^  the 
presence  of  the  two  sets  of  fibers  may  be  correct,  it  is  not  well  founded. 
When  a  stimulus  just  below  the  threshold  for  visible  secretion  is  em- 
ployed, a  typical  deflection,  though  not  as  high  as  the  deflection  accom- 
panying secretion,  is  obtained.  Though  with  decreasing  strength  of 
stimulation  the  deflection  decreases  in  amplitude  along  with  the 
decrease  in  volume-flow  of  blood,  it  still  possesses  its  usual  contour. 
The  deflection  and  the  increased  volume-flow  of  blood  finally  disappear 
together,  therefore,  if  the  two  seta  of  fibers  do  exist  they  appear  to 
have  the  same  threshold  of  stimulation;  or.  stated  in  another  way, 
with  chorda  stimulation  we  never  obtained  increased  volume-flow  of 
blood  without  an  accompanying  increased  metabolism. 

The  validity  of  this  statement  depends  upon  the  interpretation  of 
the  electrical  deflection  and  it  should  be  stated  here  that  the  deflec- 
tions cannot  be  accounted  for  by  changes  in  volume-flow  of  blood 
per  se. 

The  direct  methods  of  measuring  the  latent  periods  of  secretion  and 
vasodilatation,  of  paralyzing  one  set  of  fibers,  leaving  the  other  intact, 
and  selective  stimulation  by  grading  of  stimulation,  have  failed,  there- 
fore, to  give  conclusive  data.  A  further  search  for  direct  methods 
proving  unsuccessful,  an  endeavor  was  made  to  gain  the  desired  infor- 
mation by  indirect  methods.  It  was  hoped  that  in  this  way  a  mass  of 
indirect  evidence  might  be  obtained  from  which  conclusions  in  favor  of 


yGoogIc 


446  BOBERT  OEBELL 

one  or  the  other  of  the  two  theories  of  volume-flow  control  might  be 
reached. 

The  relalion  of  volume-fiow  of  blood  to  superbasal  meiaboliam  vtitk  a 
constarU  head  of  blood  pressure.  Chorda  stimulation  produces  vaso- 
dilatation by  inhibition  of  the  intrinsic  and  central  tonus  of  the  vessels. 
Assuming  the  tonus  to  remain  constant  the  volume-flow  of  blood  might 
roughly  vary  as  the  intensity  of  chorda  stimulation  irrespective  of 
.  whether  the  control  is  chemical  or  through  vasomotor  nerves. 

However  the  results  from  vago-sympathetic  stimulation,  as  is  well 
known,  vary.  In  the  dog  secretion  is  ahnost  invariably  accompanied 
by  a  decrease  in  volume-flow  of  blood,  while  in  the  cat  it  often  is  asso- 
ciated with  an  increased  flow.  Barcroft  (10)  pointed  out  that  the 
difference  in  the  results  depends  upon  the  balance  of  the  vasoconstric- 
tor effects  of  the  constrictor  fibers  and  the  dilator  effect  of  the  metab- 
ohtes  hberated  in  secretion.  Since  the  sympathetic  secretion  is  very 
much  more  copious  in  the  cat,  the  metabolites  gain  the  upper  hand. 
Carlson  (II)  takes  exception  to  this  view.  Employing  methods  of 
selective  stimiUation  he  concludes  that  the  cervical  sympathetic  of  the 
cat  contains  vasodilator  fibers  as  well  as  vasoconstrictor  and  secretory 
fibers. 

The  same  question  with  regard  to  the  relation  of  volume-flow  control 
to  vago-sympathetic  stimulation  arises  in  the  case  of  the  dog  f ot  in  a 
few  experiments  I  have  observed  that  stimulation  of  the  vago-sympa^ 
thetic,  strong  enough  to  produce  secretion,  has  elicited  an  increased 
after-flow  of  blood.     (See  fig.  4). 

Langley  (12)  found  that  combined  stimulation  of  the  chorda  tympani 
and  the  vago-sympathetic  may  eUcit  secretion  equal  to  the  sum  of 
separate  stimulations.  Von  Frey  (13)  found  that  the  volimie-flow  of 
blood  with  combined  stimulation  was  less  than  the  flow  eUcited  by 
chorda  stimulation  though  it  may  he  greater  than  the  flow  of  rest. 

By  recording  simultaneously  the  volume-flow  of  blood  and  the  secre- 
tion with  separate  and  combined  stimulation  of  the  chorda  tympani 
and  the  vago-sympathetic,  I  have  found  that  the  results  of  Langley 
and  Von  Frey  may  be  combined ;  that  is,  that  with  combined  stimulation 
of  the  two  sets  of  nerves  we  may  get  a  summation  of  secretion  with  a 
flow  of  blood  less  than  that  ehcited  by  chorda  stimulation  alone.  (See 
fig- 4). 

It  is  apparent,  then,  that  the  quantitative  relation  between  increased 
metabolism  and  increased  volume-flow  of  blood  is  a  variable  one  de- 
pending upon  the  conditions  of  the  experiment ;  that  the  vasoconstric- 
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tor  tonus  and  its  inhibition  is  an  important  factor  in  controlUng  the 
volume-flow.  In  making  a  quantitative  study  of  the  relation  of  metab- 
olism to  volume-flow  of  blood,  it  is  best  to  activate  the  gland  by 
stimulating  the  chorda  tympani  nerve  in  which  there  are  no  or  at  least 
few  constrictor  fibers.  Under  such  circumstances  we  can  assume  the 
potential  vasoconstrictor  tonus  to  be  constant. 

Assuming  that  metabolites  control  the  volume-flow  of  blood,  it 
might  be  fair  to  expect  the  flow  to  bear  a  direct  relation  to  the  amount 
of  metabolism.  With  chorda  stimulation  such  a  relation  seems  to  be 
more  essential  for  the  metabolite  mechanism  of  control  than  for  the 
nervous  and  therefore,  if  found,  should  add  support  to  the  former 
theory. 

In  the  method  used  to  study  this  relation  it  is  presumed  that  the 
resting  or  basal  metabolism  of  the  gland  calls  for  just  enough  blood  to 
carry  on  that  metabolism  in  a  normal  fashion.  Any  extra  flow  o( 
blood  produced  by  activating  the  gland  is  called  for  by  the  extra  or 
superbasal  metabolism.  With  the  general  condition  of  the  animal 
constant,  the  chorda  tympani  was  stimulated  at  regular  intervals  of 
ten  minutes,  and  one,  two,  four,  six,  etc.,  drops  of  saUva  elicited  by 
varying,  but  relatively  short,  periods  of  stimulation.  The  salivary 
secretion  was  recorded  by  the  drop  method  and  the  size  of  the  drop 
clinging  to  the  dropper  at  the  end  of  secretion  estimated.  The  volume- 
flow  of  blood  was  recorded  with  the  bloodless  method  to  insure  a  con- 
stant condition  of  the  animal.  Subtracting  the  basal  flow  of  blood 
for  a  period  of  five  minutes  preceding  stimulation  from  the  flow — 
basal  plus  superbasal — of  the  following  five  minutes  initiated  by  the 
stimulation,  we  get  the  secretory  or  superbasal  flow.  Plotting  the 
superbasal  flow  on  the  ordinates  gainst  the  amount  of  secretion  on 
the  abscissas  we  find  the  relation  of  flow  to  metabolism  to  be  repre- 
sented by  a  straight  hne.     (See  fig.  5). 

When  the  secretory  blood-flow  is  divided  by  the  amount  of  secretion 
we  do  not  get  a  constant.  This  interesting  feature  is  shown  in  the 
curve.  It  will  be  noted  that  the  curve  at  zero  secretion  does  not  end 
at  the  intersection  of  the  ordinates  and  abscissas  but  rather  at  a  point 
on  the  ordinates  above  the  abscbsas,  in  agreement  with  the  observa- 
tion cited  before  that  even  though  chorda  stimulation  may  be  too 
weak  to  elicit  secretion  yet  the  electrical  deflection  accompanying  the 
increased  flow  of  blood  indicates  that  the  gland  has  been  activated. 
Though  not  necessarily  ruling  out  the  nervous  regulation  of  blood 
■vessels,  the  linear  relation  of  volume-flow  of  blood  to  glandular  metab- 
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olism  is  BUggestive  of  a  purposive  mechanism  of  volume-flow  control. 
The  value  of  the  results  in  their  bearing  on  the  theory  of  control  is  to 
some  extent  a  matter  of  opinion — the  question  is  whether  or  not  we 
might  expect  so  fine  an  adjustment  of  flow  with  stimulation  of  vaso- 
motor fibers  entirely  independent  of  metabolism.  Would  one  be 
justified  in  expecting,  under  independent  control,  an  occasional  dis- 
turbance of  adjustment?  For  this  reason  the  observations  were 
repeated  in  six  animab.  In  twelve  curves  plotted  the  linear  relation 
held. 


Fig.  5 


Fie- 6 


Fig,  5.  Curve  of  superbaaal-flow  of  blood  plotted  on  ordinates  againat  dropa 
of  secretion  on  the  abscisaas. 

Fig.  6.  Effects  of  arterial  obstruction  oa  the  basal-flow  of  blood.  The  carotid 
artery  was  obstructed  at  A  and  released  at  C.  Normal  flow  at  A.  The  blood 
pressure  at  A  and  S  is  equal. 

The  relation  oS  basal  flow  of  blood  to  basal  metabolism.  To  test  the 
assumption  made  above,  that  the  basal  flow  of  blood  also  bears  a 
linear  relation  to  basal  metabolisn  the  effect  of  depriving  the  gland  of 
its  normal  flow  of  blood  was  studied.  I  hoped  by  producing  asphyxial 
conditions  of  (different  degrees  {time  of  obstruction)  and  measuring  the 
after  acceleration  of  blood-flow  durii^  recovery  when  the  obstructioB 
is  removed,  that  a  quantitative  study  of  the  relation  of  volume-flow 
to  basal  metabolism  might  be  made, 

The  efl'ects  of  partially  obstructing  the  artery  for  a  few  minutes  are 
shown  in  figure  6  in  which  the  volume-flow  of  blood  is  plotted  on  the 
ordinates  against  time  on  the^  abscissas.     After  diminution  of   the 
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volume-flow  to  the  minimum  at  B  there  is  a  steady  acceleratioD  up  to 
C,  where  the  obstruction  is  removed.  Then  follows  a  flow  consider- 
ably faster  but  soon  returning  to  nonnal. 

The  effects  of  obstruction  are  striking  and  the  method,  therefore, 
gave  promise  of  yielding  quantitative  data.  But  a  difficulty  in  inter- 
pretation became  apparent,  in  the  form  of  an  additional  variable, — the 
effect  of  tension  on  the  tone  of  blood  vessels — making  a  quantitative 
study  of  the  effect  of  asphyxia  difficult.  The  effect  of  tension  on 
blood  vessels  was  pointed  out  by  Bayliss  (f4).  The  same  effect  of 
tension  on  the  tone  of  the  auricle  of  the  turtle  was  also  noted  by  myself 
(15).  Increasing  the  filling  tension  of  an  automatically  beating  auricle 
suddenly  increases  the  auricular  volume,  followed  by  a  development 
of  tonus  as  shown  by  a  slowly  decreasing  volume.  These  volume 
curves  resemble  somewhat  the  curve  of  volume-flow  of  blood  in  figure 
6.  This  method  for  determining  the  relation  of  basal-ffow  to  basal 
metaboUsm,  therefore,  is  not  quantitative,  for  the  question  naturally 
arises,  how  much  is  the  acceleration  of  blood  flow  from  B  to  C  and  at 
D  due  to  the  diminution  of  tone  from  concentration  of  metabolites  or 
to  decreased  tension;  and  how  much  of  the  decreased  flow  from  D  to 
E  is  due  to  a  washing  out  of  metabolites  or  to  increased  tension. 

The  relaHon  of  superbasal  Jlow  of  blood  to  superbasal  metaboliam  vfith 
iiecreasing  blood  pressure.  The  observations  on  this  point  have  a 
double  interest;  one,  in  the  relation  to  the  mechanism  of  volume-flow 
control,  the  other  in  the  relation  to  the  actual  amount  of  superbasal- 
flow  for  a  given  amount  of  work  at  progressively  lowered  blood  pres- 
sures.   Here  we  are  interested  mainly  in  the  former  question. 

With  all  other  conditions  of  the  animal  kept  as  constant  as  possible, 
equal  amounts  of  secretion  were  elicited  by  chorda  stimulation  at 
progressively  lowered  blood  pressures  secured  by  haemorrhage.  It 
was  hoped  that  by  plotting  the  curves  of  secretion  and  the  curves  of 
volume-flow  the  mechanism  of  volume-flow  might  be  suggested.  If 
vasodilatation  and  metabolism  vary  independently  of  each  other, 
the  amplitude  of  the  volume  flow  curve  on  account  of  the  diminution 
in  the  driving  pressure,  would  be  diminished  but  the  tipie  relations  of 
the  two  curves  would  remain  the  same.  If  metabolites  have  an  effect, 
the  amphtude  of  the  volume-flow  curve  may  hkewise  be  reduced,  the 
accelerated  volume-flow  of  blood,  however,  would  be  prolonged  until 
the  metabolites  were  disposed  of,  counteractii^  the  decreasing  blood 
pressure  and  tending  to  keep  the  superbasal-flow  constant. 
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A  aeries  of  curves  of  Becretion  and  volume-flow  of  blood  are  shown 
in  figure  7.  In  each  instance  approximately  eight  drops  of  saliva  were 
elicitedl  The  blood  pressures  at  which  stimulation  occurred  are 
designated.  The  curves  beginning  above  the  base  line  are  curves  of 
volume-flow  of  blood,  the  horizont&l  portion'  preceding  chorda  stimula- 
tion representing  the  basal-flow  of  blood.  The  triangular  portion 
above  the  baeal-^ow  represents  the  superbasal-flow  (for  data  see  table 
1).  With  decreasing  blood  pressure  the  area  of  the  triangle  diminishes 
and  at  about  34  mm.  Hg.  the  flow  of  blood  is  no  longer  increased  by 
chorda  stimulation.    At  lower  pressures  the  flow  is  actually  decreased. 


Fig.  7.  Curves  showing  both  basal  and  Buperbaaal-flow  of  blood  at  varying 
designated  blood  pressures. 

The  practical  importance  of  these  results  in  conditions  of  lowered 
blood  pressure  is  obvious.  In  relation  to  the  theories  of  volume- 
flow  control  the  fact  that  the  superbasal-flow  decreases  so  rapidly  and 
that  the  effect  of  decreased  blood  pressure  is  not  better  counteracted 
seems  to  speak  against  metabolite  control — but  the  very  great  impor- 
tance of  pressure  not  only  as  a  driving  force,  but  also  as  a  stretching 
force,  the  increased  construction  of  central  origin  from  haemorrhage 
and  the  possibility  of  passive  constriction  with  decreasing  head  of 
pressure,  might  overrule  this  objection  and  will  be  discussed  later.     The 
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fact  that  the  decreased  pressure  ia  somewhat  counteracted,  as  evidenced 
by  the  prolongation  of  the  after-flow,  indicates  that  the  volume-flow 
of  blood  is  in  part,  at  least,  dependent  on  metabolites.  I 

The  relation  of  basal-flow  of  blood  to  mean  blood  pressure.  There 
seems  to  be  little  quantitative  data  on  record  on  the  relation  of  basal- 
flow  of  blood  to  decreased  blood  pressure  produced  by  haemorrhage. 
If  driving  pressure  is  the  only  variable,  the  volume-flow  of  blood 
woiild  steadily  decrease  and  when  plotted  on  the  ordinates  against 
blood  pressure  on  the  abacissas  would  be  represented  by  a  straight 
line.  If  a  deflection  of  this  curve  occurs  some  other  variable  has 
come  into  play. 
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These  experiments  were  performed  to  find  how  the  volume-flow  of 
blood  ia  affected  by  a  fall  in  pressure,  in  other  words  whether  the 
dilating  effect  of  metabolites  might  be  demonstrated  by  a  bending  of 
the  curve,  and  by  this  bending  the  volume-flow  of  blood  necessary  for 
normal  tissue  metabolism  might  be  determined.  It  seemed  that  the 
volume-flow  might  decrease  with  the  fall  in  pressure  up  to  a  point 
where  the  flow  of  blood  was  no  longer  sufficient  to  carry  off  the  metab- 
olites, permitting  a  sufficient  concentration  to  affect  vasodilatation, 
or  an  upward  bend  of  the  curve.  This  would  counteract  the  decreas- 
ing head  of  pressure  and  tend  to  keep  a  constant  volume-flow  acting 
ae  a  protective  mechanism  to  maintain  adequate  nutrition.  The 
point  at  which  the  rapid  decrease  in  volume-flow  of  blood  is  checked 
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by  the  hypotbetical  concentration  of  metabolites  would  indicate  ap- 
proximately the  volume-flow  essential  to  the  tissues. 

The  basal-flow  of  blood  was  measured  by  the  drop  method  and 
plotted  on  the  ordinates  against  mean  blood  pressure  on  the  abscissas. 
(See  fig.  8.) 

Since  the  flow  of  blood  is  not  represented  by  a  straight  line,  accord- 
ing to  the  law  of  Poiseuille,  driving  pressure  cannot  be  the  only  vari- 
able. One  or  more  additional  factors  equally  as  important  enter  into 
play  dividii^  the  curve  into  three  distinct  parts— the  first,  in  which 
the  flow  decreases  decidedly  faster  than  the  fall  in  blood  pressure;  the 
second,  or  the  plateau,  in  which  the  rapid  decrease  is  checked;  the 
third,  in  which  the  flow  again  decreases  faster  than  the  fall  in  pressure. 


Fig.  8.  Curve  of  basal  flow  of  blood  obtained  in  a  haemorrhage  experiment. 
Flow  is  plotted  on  the  ordinates  against  blood  pressure  on  the  abscissaa. 

The  change  in  flow  during  the  second  period  is  variable.  The  flow 
may  decrease  but  always  much  more  slowly  than  the  decrease  in  pres- 
sure, it  may  remain  constant  or  in  some  instances  actually  increase. 
Despite  the  agreement  of  the  curve  with  the  working  hypothesis,  a 
checking  up  of  the  factors  controlling  volume-flow  seemed  called  for. 

The  three  main  factors  determining  the  rate  of  flow  are  driving  pres- 
sure, viscosity  of  the  blood  and  caliber  of  the  vessels. 

Viscosity.  The  viscosity  of  the  blood  depends  primarily  upon  the 
nmnber  of  corpuscles.  In  haemrarhage  there  is  a  progressive  dilution 
of  blood  from  the  outset.  The  rapid  fall  in  volume-flow  cannot  be 
attributed  to,  but  actually  is  counteracted  by  dilution  of  the  blood. 
That  the  sharp  bend  in  the  curve  cannot  be  attributed  to  the  counter- 
acting influence  of  dilution  is  also  certain.     In  some  animals  in  which 
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the  blood  dilutes  rapidly  the  decreased  viscosity  may  be  a  factor  of 
some  importance,  but  in  these  experiments  on  the  d(^  in  which  the 
percentage  of  corpuscles  was  followed,  the  slow  and  even  dilution  of 
the  blood  rules  out  viscosity  as  an  important  factor,  {See  fig.  4,  exp.  87, 
page  485.) 

Injecting  7  per  cent  gum  acacia  to  raise  the  pressure  after  extensive 
haemorrhage  produces  a  volume-flow  of  blood  greater  for  the  same 
head  of  pressure  during  the  haemorrhage.  This  may  be  explained 
either  by  a  dilution  of  the  blood  decreasing  the  viscosity  or  by  a  dilata- 
tion of  the  vessels  permitting  a  greater  flow.  The  point  of  interest  is 
that  the  contour  of  the  injection  eWve  of  flow  duplicates  the  haemor- 
rhage curve.    (See  fig.  7,  exp.  49,  page  490.) 

The  converse  also  holds.  When  the  blood  pressure  is  reduced  by 
tissue  abuse  it  is  accompanied  by  a  concentration  of  the  blood  yet  the 
curve  of  volume-flow  is  essentially  the  same  as  in  haemorrhage.  Chang- 
ing viscosity  of  the  blood,  therefore,  affects  but  little  the  contour  of 
the  volume-flow  curve.     (See  fig.  7,  exp,  48  and  40,  page  490.) 

Caliber  of  the  vessels.  The  breaks  in  the  curve,  therefore,  are  due 
mainly,  to  a  change  in  caliber  of  the  vessels.  In  part  1  there  is  a  con- 
striction ;  in  part  2  a  checking  of  this  constriction,  in  part  3  a  second 
constriction. 

The  gradient  of  the  first  part  of  the  curve  and  the  point  at  which  it 
is  checked  varies  in  different  animals  and  apparently  depends  upon  a 
number  of  factors — the  tonus  of  the  blood  vessels  at  the  beginning  of 
haemorrhage  and  the  relative  importance  of  active  and  passive  con- 
striction. In  haemorrhage  active  constriction  is  a  well-known  reac- 
tion. One  frequently  meets  with  animals  reacting  to  a  large  haemor- 
riiage  with  a  rise  instead  of  a  fall  in  blood  pressure,  the  volume-Sow 
of  blood  markedly  decreasing. 

Every  effort  was  made  to  avoid  complicating  the  curve  with  the 
effects  of  cold  and  of  inflammation.  In  the  first  place,  the  gland  is 
dissected  carefully.  Frequently,  when  the  veins  are  conveniently 
placed,  the  dissection  requires  no  manipulation  of  the  gland  whatever. 
The  gland  is  re-covered  by  the  overlying  skin  and  a  protecting  layer  of 
gauze.  That  a  more  or  less  permanent  change  in  the  vessels,  such  as  is 
associated  with  inflammation,  does  not  occur  is  shown  in  the  re-injec- 
tion experiments,  where  the  volume-flow  curve  with  decreasing  pres- 
sure is  dupHcated  on  increasing  the  pressure  by  gum  acacia  injection. 
(See  fig.  6,  page  449,  and  fig.  7,  exp.  49,  page  490.) 

The  decrease  in  the  volume-flow  of  blood  in  the  first  part  of  the  curve 
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during  haemorrliage  with  a  rise  in  pressure  can  therefore  be  Bafely 
attributed  to  active  vasoconstriction  of  central  origin.  This  active 
constriction  may  continue  with  the  fall  in  blood  pressure.  The  bend 
in  the  curve  initiating  the  plateau  maymark  the  point  where  the  vaso- 
motor  center  is  losing  its  tonus.  It  may  also  mark  the  point  where 
the  concentration  of  metabolites  becomes  such  that  its  peripheral 
dilating  effect  counteracts  the  constriction  and  fall  in  blood  pressure. 

The  effect  of  vago-sympatkelic  sedion  on  the  curve  of  volume-fiow.  By 
measuring  the  vplume-flow  of  blood  from  both  glands  with  the  vago- 
sympathetic intact  on  one  side  and  cut  on  the  other  we  have  appar- 
ently a  simple  method  for  determining  the  relative  importance  of 
vasomotor  changes  of  central  or  peripheral  origm  in  different  parts  of 
the  volume-flow  curve.  But  the  effects  of  section  of  one  nerve  proved 
to  be  a  problem  in  itseK  and  were  followed  out  only  in  part  at  this  point. 
The  eight  experiments  performed,  however,  were  of  some  value  in 
furnishing  material  for  the  study  of  voliune-flow  control  and  are  there- 
fore described. 

The  flow  was  measured  by  the  drop  method;  the  animal  was  bled 
continuously  up  to  death  through  the  two  glands.  At  the  beginning 
of  the  experiment  the  vago-sympathetic  on  the  right  side  was  cut. 

A  few  experiments  showed  that  the  effects  of  section  of  the  vago- 
sympathetic were  not  always  limited  to  one  side  alone  but  that  dilata- 
tion of  varying  degree  occurred  on  the  contra-lateral  side  as  well.  On 
section  of  the  nerve,  the  volume-flow  increases  rapidly,  reaching  its 
maximum  in  about  a  minute  and  then  gradually  decreasing.  The 
normal  tone  on  the  side  of  the  cut  nerve  is  usually  reached  in  about 
five  to  seven  minutes.  These  points  are  brought  out  in  figure  9  and 
table  2.  In  experiment  79  the  effect  of  section  of  the  vago-eympathetic 
is  apparently  limited  to  the  right  side  alone.  The  slight  increase  in 
volume-flow  of  the  left  side  can  be  attributed  to  the  increased  blood- 
pressure.  On  the  right  side  the  maximum  flow  is  333  per  cent  of 
initial  flow,  but  in  five  minutes  when  the  initial  blood  pressure  is 
reached  again  the  flow  is  54  drops  per  minute,  or  the  initial  rate  The 
tonus  of  the  vessels  of  the  left  gland  in  the  meantime  has  increased 
beyond  the  normal,  the  flow  decreasing  from  36  to  26.6  drops  per 
minute. 

In  experiment  78  the  effect  of  nerve  section  is  definitely  bilateral, 
for  the  blood  pressure  remains  constant,  yet  the  flow  on  the  left  side  is 
increased.  In  experiments  77  and  80  (no  record  shown)  the  contra- 
lateral dilatation  is  very  marked. 
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If  we  exuuine  the  curves  of  volume-flow  of  blood  from  experiments 
77  and  80  we  find  that  the  contour  is  very  aimilar  to  the  contour  of 
curves  obtained  with  the  vagi  intact,  and  it  is  surprising  to  find  the 
curves  of  flow  of  the  two  sides  so  nearly  alike  as  shown  in  the  curves 
from  experiment  77.  In  experiment  80  where  the  initial  flow  of  the 
two  glands  (r^t  66.6  and  left  98.4  drops  per  minute)  varied  con- 
siderably— right  vago-section  increased  the  flow  of  the  two  glands  to 
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128  and  130  respectively.  On  bleeding,  the  flow  from  both  sides 
remained  so  nearly  alike  at  moat  pressures  that  only  one  curve  was 
plotted.  (See  table  2.)  Apparently  the  function  of  the  vago-aympa- 
thetic  in  this  experiment  is  thrown  out  more  or  less  completely  on 
both  sides,  so  that  both  curves  may  possibly  be  looked  upon  as  un- 
affected by  central  increased  tonus  working  through  the  vagus  nerves. 
Though  in  these  experiments  we  get  no  decreased  volume-flow  with 
an  elevated  pressure  or  stationary  pressure,  except  where  the  vessels 


.yGooglc 


458 


BOBEBT   QEBELL 


are  gaining  lost  tone,  curves  77  and  80  show  that  a  definite  vasocon- 
striction is  taking  place.  This  constriction  may  be  passive  and  due  to 
a  decreased  stretching  head  of  pressure.  Owing  to  the  conflicting 
data  on  the  action  of  adrenin  in  haemorrhage  the  effect  of  this  hormone 
cannot  be  used  to  explain  the  results  (16).  The  curves  show,  at 
least  provided  no  constriction  occurs  through  the  chorda  tympani, 
that  a  fall  in  blood  pressure  when  unaccompanied  by  an  active  central 


Fig.  10.  Curvesof  basal-Oow  of  blood  from  both  Bubtnaxillary  gluids  sbowing 
the  effect  of  section  of  the  vago-eym pathetic  on  the  right  aide. 

constriction  has  serious  effects  on  the  volume-flow  of  blood  out  of  all 
proportion  to  the  fall  in  pressure. 

The  curves  of  flow  of  cjtperiments  78  and  79  show  similar  irregular- 
ities which  are  also  present  though  not  as  well  marked  in  tlie  remaining 
experiments  on  section  of  the  vago-eympathetic.  These  irregularities 
have  not  been  explained  but  the  failure  of  the  volume-flow  to  decrease 
in  the  usual  way  with  decreasing  head  of  pressure  suggests  some  pe- 
ripheral chemical  effect  such  as  might  result  from  disturbed  metabolism 
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following  vago-section  or  some  central  effect  working  through  the 
chorda  tympani,  an  effect  which  was  not  ruled  out. 

In  experiments  78  and  79  the  effects  of  vt^o-eection  were  mainly 
homolateral  yet  the  configuration  of  the  curves  from  A  to  S  in  each 
pair  is  very  similar.  From  B  to  C,  however,  there  is  a  marked  diver- 
gence*—a  rapid  increased  volume-flow  on  the  side  with  the  nerve  cut 
'  though  the  pressure  is  falling  and  a  sudden  diminution  in  flow  on  the 
side  with  the  innervation  intact,  suggestii^  a  peripheral  chemical 
dilatation  in  one  gland  and  an  overcoming  of  this  by  constriction 
of  central  or^in  in  the  other. 

The  Telation  o/  alkaline  reserve  to  volume-fimo  of  blood.  This  diver- 
gence of  the  two  curves  brings  up  the  question  of  the  nature  of  the 
metabolite  producing  the  reaction.  The  liberation  of  powerful  dilat- 
ing substances  such  as  have  been  studied  by  Dale  and  Laidlaw  (17), 
Dale  and  Richards  (18)  and  Hunt  (19)  offers  the  possibility  of  an 
effective  mechanism  of  dilatation  during  tissue  activation.  We  must 
look  to  other  substances,  however,  to  explain  this  double  reaction. 

We  know  that  in  conditions  of  lowered  blood  pressure,  particularly 
when  the  respiratory  center  fails  to  respond,  an  increase  in  hydrogen 
ion  concentration  develops  as  a  result  of  the  decreased  carbon  dioxide 
capacity  of  the  blood  and  the  increase  in  concehtration  of  carbon 
dioxide.  And  we  know  the  central  constricting  and  peripheral  dilat- 
ing effects  of  carbon  dioxide.  Mathison  (20)  states  that  there  appears 
to  be  no  reason  for  regarding  the  respiratory  center  as  a  particular 
mechanism  alone  possessing  the  property  of  responding  to  small 
changes  in  CO^  tension  of  the  blood.  Hooker,  Wilson  and  Connet 
(21)  found  that  chemicals  which  excite  or  depress  the  respiratory  center 
have  the  same  effect  upon  the  vasomotor  center.  The  absence  of  a. 
rise  of  pressure  from  the  administration  of  carbon  dioxide  after  decere- 
bration  was  shown  by  Kaja  and  Starling  (22)  and  by  Henderson  (23). 
Hooker  (24)  demonstrated  the  peripheral  dilating  effect  of  COa  in  the 
perfused  pithed  frog  and  also  (25)  found  COi  to  have  a  specific  effect, 
due  to  other  than  its  acid  properties,  on  the  respiratory  center  of  the 
dog.  These  observations  have  more  recently  been  confirmed  bv  Scott 
(2fi). 

The  dilating  effects  of  acid  injection  can  be  demonstrated  when  the 
vago-sympathetic  is  cut  as  is  shown  in  figure  11,  The  injection  pre- 
sumably increases  the  hydrogen  ion  concentration  as  is  indicated  by 
the  increased  pulmonary  ventilation.  When  the  vagi  are  intact, 
however,  the  results  obtained  are  variable.     Sometimes  the  flow  was 
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increased,  unaffected  or  decreased.  The  decreased  flow  presumably 
is  a  result  of  constriction  of  central  origin  as  is  suggested  by  an  accom- 
panying rise  of  pressure. 

Relation  of  volume-fiow  to  head  of  pressure  in  perfused  dead  organs. 
The  first  segment  of  the  curve  of  volume-flow  of  blood  in  the  haemor* 
rhage  experiments  may  represent  combined  active  and  passive  con- 
striction, the  second  segment  may  represent  a  cessation  of  both,  giv- 
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Fig.  11.  Record  showing  the  effect  of  acid  iDJeclioD  on  respiration  andon  the 
Tolume-flow  of  blood' through  the  submaxillary  gland  with  the  vago-sympathetic 


ing  way  to  a  dilatation  of  central  and  peripheral  origin.  It  seemed  to 
the  point,  therefore,  to  determine  the  relative  importance  of  physi- 
ological reactions  and  purely  mechanical  factors. 

Exceptions  to  Poiseuille  laws  have  been  noted  by  Denning  and 
Watson  (28)  and  others;  e.g.,  Denning  and  Wataon  find  that  the  flow 
of  fluids  through  iiiextensible  tubes,  when  plotted  on  the  ordinates 
against  bead  of  pressure  on  the  abscissas,  is  not  represented  by  a  straight 
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line  but  by  a  curve  with  the  convexity  down.  The  extent  to  which 
this  bending  occurs  increases  with  the  decrease  in  caliber  of  the  i  ubes 
and  with  an  increase  in  suspended  solid  particles  in  the  fluid.  Such 
exceptions  along  with  the  possibility  of  a  passive  constriction  of  blood 
vessels  accompanying  a  fall  in  blood  pressure  suggested  the  advis- 
abiUty  of  artificial  perfiision  of  dead  tissue.  Kidneys  of  the  dog  and 
cat,  excised  from  one  to  three  days  previously,  were  perfused  at  room 
temperature  with  ox-blood  diluted  with  7  per  cent  gum  acacia  in  0.9 
per  cent  NaCl  and  also  with  gum  acacia  mixture  alone.  Plotting  the 
volume-flow  on  the  ordinates  against  driving  pressure  on  the  abscissas 
(fig.  12)  we  get  curves  showing  a  deviation  from  the  straight  line.  In 
some  instances  the  deviation  is  relatively  slight,  but  frequently  results 
shown  in  figure  12  are  obtained.     Oedema  of  the  organs  was  prevented 


Fig.  12.  PerfuBioD  flow  of  gum  acacia  through  a  dead  kidney  plotted  on  the 
ordinates  against  the  head  of  pressure  on  the  sbscisBaa.  The  lower  curve  was 
obtained  by  increasing  and  the  upper  by  decreasing  the  head  of  pressure. 

by  the  employment  of  acacia.  But  to  rule  out  this  factor  completely 
successive  curves  of  volume-fiow  were  plotted,  first  with  a  rising  pres- 
sure and  next  with  falUng  pressure.  The  curves  are  similar  and  bear  a 
resemblance  to  the  curves  obtained  in  haemorrhage  in  the  living  ani- 
mal. There  are,  however,  two  important  differences.  The  initial 
decrease  in  flow  is  not  as  rapid  as  in  haemorrhage  and  the  plateau 
near  its  beginning  points  low,  that  is  to  the  intersection  of  the  ordi- 
nates and  abscissas  at  zero.  The  curve  suggests  that  as  driving  pres- 
sure increases,  the  vessels  stretch  which  produces  an  increase  in  the 
effectiveness  of  the  driving  pressure  obtaining.  That  most  of  this 
stretching  occurs  only  after  a  relatively  high  pressure  (in  fig.  12,  about 
90  mm.  Hg.)  is  reached,  is  a  factor  of  considerable  practical  importance 
in  the  treatment  of  lowered  blood  pressure  from  haemorrhage  and 
tissue  abuse. 
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That  this  Btretching  of  vessels  in  dead  organs  actually  occurs  was 
shown  by  perfusion  with  a  suspension  of  blood  corpuscles.  The  per- 
centage of  corpuscles  of  the  "venous  blood,"  and  it  might  be  stated 
that  the  venous  flow  was  slow,  fluctuated  with  the  head  of  pressure. 
(See  table  3.)  Apparently  the  lower  perfusion  pressures  are  not  suffi- 
cient to  stretch  thfe  vessels  or  deform  the  corpuscles  sufficiently  to 
permit  their  free  passage  and  filtration  of  the  blood  occurs. 

The  finding  of  Denning  and  Watson  (29)  that  suspended  particles 
increase  the  deflection  of  the  curve  of  flow  was  confirmed  by  comparing 
curves  of  flow  obtained  with  7  per  cent  gum  acacia  suspension  alone 
and  a  mixture  of  blood  and  gum  acacia. 

It  is  of  considerable  interest  to  know  how  much  the  corpuscular 
factor  determines  volume-flow  in  hving  tissue.  If  the  high  peripheral 
red  count  noted  by  Cannon,  Fraser  and  Hooper  (30)  represents  the 
count  of  arteriole  blood  it  might  indicate  a  constriction  sufficient  to 


o»..».*r.,.H 

-.o«,„-..« 

«...  0,  »H,.«0>, 

rin  CKST  OF  BSD  cm* 

IH  ■VINOUB  BLOOO" 

■   1 

62 

4.6 

9-4 

2 

120 

13.8 

14,0 

3 

160 

19.5 

16,4 

4 

118 

S.4 

11,1 

5 

m 

2,6 

8  7 

block  the  passage  of  red  cells  as  they  suggested.  That  such  constric- 
tion may  occur  was  also  pointed  out  by  Cohnstein  and  Zuntz  (31). 
The  lower  red  counts  of  venous  blood  coming  from  a  constricted  area, 
noted  by  Sherrington  and  Copeman  (32)  would  also  indicate  that  a 
constriction  may  produce  a  partial  filtration  of  the  blood. 

The  effect  of  add  injection  on  the  height  of  the  plateau  of  the  curve  of 
volutne-Jlow.  From  the  experiments  on  perfusion  of  dead  organs  it  is 
apparent  that  purely  mechanical  factors  independent  of  physiological 
reactions  account  in  part  for  the  contour  of  the  volume-flow  curve 
obtained  from  the  living  animal.  Two  differences  in  the  curvra,  how- 
ever, were  noted,  one,  the  lesser  deflection  in  the  first  segment  and  the 
other,  the  pointing  of  the  plateau  to  zero  on  the  abscissas.  In  the 
living  tissue  the  plateau  points  well  beyond  this  point,  showing  defi- 
nitely that  in  haemorrhage  in  addition  to  the  checking  of  constriction, 
we  have  a  vascular  dilatation  accounting  for  the  second  deflection  of 
the  curve. 
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Pilcher  and  Sollmann  (33)  observed  that  the  vasoconstriction  in  the 
early  part  of  haemorrhage  merged  at  a  mean  blood  pressure  of  90  to 
100  mm.  Hg.  into  a  period  of  dilatation  of  central  origin.  The  ques- 
tion in  which  we  are  interested  here  is  whether  this  dilatation  may  be 
augmented  by  peripheral  chemical  dilatation  from  concentration  of 
metabolites. 

It  is  fully  realized  that  substances  other  than  carbon  dioxide  may 
act  as  chemical  regulators  of  volume-flow,  yet  the  results  of  experi- 
ment 77  suggested  experiments  along  this  line.  It  was  hoped  that  by 
decreasing  the  COj  capacity  of  the  blood  by  acid  injection  the  effec- 
tiveness of  the  COi  added  to  the  blood  as  it  passes  through  the  tissues 
would  be  increased  aod  be  demonstrated  by  dilatation.  If  this  occurs 
a  reduction  of  alkaline  reserve  prior  to  bleeding  should  elevate  the 
plateau.  Variable  results  were  obtained  and  were  attributed  to  the 
fact  that  a  reduction  in  alkaline  reserve  may  increase  the  effective- 
ness of  COi  stimulation  of  the  vasoconstrictor  center  as  we.ll  the  peri- 
pheral mechanism. 

The  relation  of  alkaline  reserve  to  superbasal-fiow  of  blood.  In  the  . 
case  of  superbasal-flow,  however,  the  effects  of  lowered  alkaline  reserve 
might  be  studied  to  better  advantage  for  the  reason  that  conditions 
are  more  local,  the  accessions  of  COi  to  the  blood  passing  through  an 
activated  gland  being  greater  than  the  accession  of  COj  to  the  blood 
passing  through  the  resting  vasoconstrictor  center.  In  some  experi- 
ments  acid  injection  did  increase  the  superbasal-flow.  Though  a 
uniform  demonstration  would  be  more  conviiicing  yet  I  feel  that  the 
greater  hydrogen  ion  concentration  established  in  blood  poor  in  reserve 
alkalinity  as  it  passes  through  an  activated  tissue  might  be  a  factor  in 
securing  adequate  flow  and  protecting  the  tissue  against  still  greater 
acid  reactions. 

The  relation  of  alkaline  reserve  to  volume-flow  is  a  perplexing  one. 
The  double  effect  of  increased  hydrogen  ion  concentration  is  easily 
demonstrated.  But  the  question  is,  can  changes  in  hydrogen  ion 
concentration  be  looked  upon  as  a  nonnal  mechanism  of  volume-flow 
control  and  does  the  factor  enter  into  play  in  conditions  of  lowered 
blood  pressure  preceding  the  marked  reaction  just  prior  to  death? 
The  problem  seems  to  call  for  a  quantitative  study  of  the  threshold 
and  of  the  difference  in  threshold  of  stimulation  for  the  central  and 
peripheral  mechanisms. 
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This  work  represente  an  attempt  to  obtain  data  for  the  interpreta- 
tion of  electrical  deflections  in  the  salivary  gland  by  detenuining  the 
factors  controlling  the  volume-flow  of  blood  and  the  effects  of  decreased 
flow  on  metabolism. 

The  experimenta  were  performed  on  the  submaxillary  gland  of  the 
dog. 

By  measuring  the  volume-flow  of  blood  during  prolonged  chordsr 
stimulation  it  vaa  found  that  the  synchronous  fluctiiatione  in  secretion 
and  electrical  deflection  were  accompanied  by  parallel  changes  in 
volume-flow  of  blood. 

These  observations  raised  the  question  of  the  interdependence  of 
volume-flow  of  blood  and  tissue  metabolism, — are  changeB  in  the 
flow  primary,  causing  fluctuations  in  secretion  or  does  increased  secre- 
tion call  forth  the  augmented  flow  of  blood? 

The  possibility  of  the  secretory  fluctuations  being  an  inhibitory 
phenomenon  is  discussed. 

That  the  changes  in  volume-fiow  of  blood  exceed  the  variation  in 
secretion  is  pointed  out;  also  that  fluctuations  in  volume-flow  of  blood 
wit^  chorda  stimulation  may  occur  in  the  absence  of  visible  secretion. 

The  change  in  volume-fiow  of  blood  with  prolonged  chorda  stimu-  ' 
lation  is,  therefore,  a  vasomotor  pheniMnenon — either  of  metabolite  or 
of  vasomotor  nerve  origin. 

The  measurement  of  the  latent  period  of  secretion  and  of  vaso- 
dilatation, the  selective  paralyzing  of  the  secretory  fibers  with  atropin 
and  the  selective  stimulation  by  grading  of  intensity  failed  to  give 
conclusive  evidence  of  two  independent  sets  of  fibers — vasomotor  and 
secretory. 

For  that  reason  the  problem  was  approached  by  a  munber  of  in- 
direct methods  which  by  cumulative  evidence  might  suggest  the 
mechanism  of  volume-flow  control. 

Methods  were  chosen  which  would  yield  data  of  theoretical  interest 
and  also  of  practical  value  in  connection  with  conditions  of  lowered 
blood  pressure. 

The  observations  of  Barcroft  and  of  Carlson  of  increased  flow  of 
blood  elicited  by  sympathetic  stimulation  in  the  cat  were  confirmed  in 
a  few  instances  in  the  dog. 

Combined  stimulation  of  the  chorda  tympani  and  vago-aympathetic 
may  elicit  a  summation  of  secretion  accompanied  by  a  flow  of  blood 
less  than  that  obtaining  during  chorda  stimulation  alone. 
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Since  increased  volume-flow  of  blood  can  occur  only  through  inhibi- 
tion of  the  constrictor  tonus,  a  constant  potential  tonus  is  required  to 
study  the  relation  of  metabolism  to  volume-flow  of  blood. 

This  relation  was  studied  by  eliciting  progressively  increasing 
amounts  of  saliva  by  chorda  stimulation  during  a  constant  head  of 
pressure  and  measuring  the  extra  flow  of  blood. 

By  plotting  the  superbastd-flow  of  b]ood  on  the  ordinates  against 
metabolism  on  the  abscissas  we  get  a  straight  line.  This  suggests  a 
purposive  mechanism  of  volume-flow  control  though  not  disproving 
the  theory  of  nerve  control.  The  apparently  perfect  adjustment  of 
flow  to  metabolism  might  point  more  strongly  to  metabolite  control. 

By  studying  the  time  relation  of  euperbasal  flow  to  superbasal  metab- 
olism at  various  beads  of  pressure,  it  appears  that  some  of  the  in- 
creased flow  of  blood  is  not  accounted  for  by  the  action  of  dilator 
nerves. 

The  failure  of  metabolites  to  counteract  more  fully  the  effects  of 
falling  pressure  may  be  attributed  to  the  fact  that  a  greater  constrictor 
tonus  must  be  inhibited  and  that  the  head  of  pressure  obtaining  is 
insufficient  to  take  advantage  of  the  inhibition  produced. 

By  recording  the  flow  of  blood  through  a  resting  gland  with  a  de- 
creasing head  of  pressure  suggestions  on  the  relation  of  basal  flow  to 
basal  metabolism  were  obtained. 

The  sudden  decrease  in  flow  giving  way  to  a  nearly  constant  or  even 
accelerated  flow  with  a  further  fall  in  pressure  supported  the  working 
hypothesis — that  the  Sow  of  blood  might  decrease  to  a  point  permit- 
ting a  concentration  of  metabohtes  in  the  tissues  and  tissue  blood 
sufficient  to  produce  a  dilatation,  thereby  tending  to  maintain  a  con- 
stant flow  of  blood,  despite  a  further  fall  in  pressure. 

The  importance,  however,  of  a  decrease  in  central  constrictor-tonus 
is  evident. 

To  determine  the  relative  effects  of  failure  of  the  vasomotor  center 
and  the  concentration  <A  metabolites  curves  of  flow  frmn  glands  with 
the  vago-sympathetic  intact  and  severed  were  compared. 

According  to  the  law  of  Foiseuille,  if  the  factors  of  caliber  and  vis- 
cosity ronain  constant  the  curve  of  flow  plotted  against  head  of  pres- 
sure is  represented  by  a  straight  line. 

Deflections  of  this  curve  from  the  straight  line  in  the  course  of 
haemorrhage  must  therefore  be  due  to  changes  either  in  caUber  or  in 
viscosity. 

The  factor  of  viscosity  has  relatively  little  eSect  on  the  general 
contour  of  the  curve  but  rather  on  its  position. 
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The  large  deflections  are,  therefore,  mainly  a  function  of  changes  in 
caliber. 

Since  in  the  early  stages  of  haemorrht^e  there  may  be  a  rise  of  pres- 
sure accwnpanied  by  a  marked  decrease  in  volume-flow  the  steepness 
of  the  first  segment  of  the  curve  is  largely  attributable  to  a  vasocon- 
striction of  central  origin. 

But  after  vago-section  the  initial  fall  in  pressure  is  likewise  accom- 
panied by  the  greatest  decrease  in  volume-flow,  suggesting  that  with 
the  vagus  intact  both  passive  constriction  and  active  constriction  of 
central  origin  occur. 

The  gradients  of  the  second  as  well  as  the  first  segment  of  curves 
with  vagi  intact  and  severed  are  somewhat  comparable.  The  third 
segments,  however,  show  a  marked  divergence. 

The  fact  that  at  low  pressures  a  further  decrease  in  pressure  is  accom- 
panied on  the  intact  side  by  a  suddenly  decreased,  and  on  the  severed 
side  by  a  suddenly  increased  flow,  suggests  the  possibility  of  a  central 
and  peripheral  action  of  increased  concentration  of  COj. 

As  a  control  involving  only  mechanical  factors  the  volume-flow 
through  dead  organs  with  varying  heads  of  pressure  was  determined. 

The  presence  of  the  first  deflection  of  the  curve  shows  the  occurrence 
of  passive  constriction  and  the  importance  of  a  high  stretching  head  of 
pressure. 

The,  pointing  of  the  plateau  to  zero  on  the  abscissas,  which  is  not 
the  case  in  living  tissue,  shows  that  in  haemorrhage  after  active  and 
passive  constriction  have  ceased  dilatation  begins. 

The  relative  importance  of  failure  of  the  vasomotor  center  and  of 
concentration  of  metabolites  in  elevating  the  plateau  is  difficult  to 
determine. 

An  attempt  to  raise  the  plateau  by  a  reduction  of  the  alkaline  reserve 
previous  to  a  lowering  of  the  head  of  pressure  proved  unsuccessful,  but 
that  the  superbasal-flow  of  blood  may  be  augmented  by  increasing 
the  effectiveness  of  COs  liberated  in  metabolism  is  suggested. 

As  to  the  existence  of  vasodilator  nerves,  the  question  which  initiated 
this  research,  nothing  definite  can  be  said. 

We  have  no  proof  that  such  nerves  do  not  exist,  neither  have  we 
proof  that  metabolites  cannot  adequately  control  the  volume-flow  of 
blood. 

All  that  can  be  said  at  present  is  that  if  dilator  nerves  do  control  the 
Sow  of  blood  this  flow  may  be  augmented  still  more  by  an  accumul^- 
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tion  of  metabolites.  Many  of  the  observations  might  apply  to  both 
theories,  Bome,  however,  seem  to  point  more  strongly  to  the  theory  of 
metabolite  control. 
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STUDIES  ON  THE  SUBMAXILLARY  GLAND 

iv.  a  compabibon  of  the  effects  of  hemorrhage  and  of  t188ub- 
Abuse  in  Relation  to  Secondary  Shock^ 

ROBERT  GESELL 
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This  research  deals  with  circulatory  and  nutritional  disturbances 
resulting  from  hemorrhage,  from  tissue-abuse  and  from  acid  injectioD. 
It  is  in  part  an  application  of  the  results  outlined  in  the  preceding 
paper  as  well  as  a  presentation  of  additional  data. 

The  term  shock  has  been  applied  to  a  variety  of  conditions  of  low- 
ered blood  pressure  regardless  of  whether  the  condition  is  attributable 
to  a  very  sudden  disturbance  resembling,  for  example,  the  immediate 
inhibition  of  reflexes  following  transection  of  the  cord,  or  aasociated 
with  a  relatively  slow  and  progressive  nutritional  disturbance  accom- 
panying a  prc^ressive  fall  of  blood  pressure.  Attempts  have  been 
made  to  differentiate  between  disturbances  of  sudden  and  more  gradual 
onset  by  Cobbett  (1),  Lazarus-'Barlow  (2)  and  others  and  designated 
as  shock  and  collapse  respectively.  Cannon,  Cowell,  Eraser  and 
Hooper  (3)  divide  these  conditions  of  lowered  blood  pressure  into  primary 
and  secondary  shock.  "Primary  shock  may  come  on  so  soon  after 
injury  as  to  be  accounted  for  only  as  a  result  of  nervous  action"  while 
secondary  shock  results  after  prolonged  effects  of  inflicted  injury, 
hemorrhage,  exposure,  etc.  Tuis  research  deals  with  secondary  shock 
alone. 

Shock  has  been  defined  as  a  disturbance  in  which  the  blood  pressure 
has  reached  a  level  of  about  50  mm.  Hg.  and  has  thus  led  more  to  work 
on  the  relation  of  blood  pressure  to  the  condition  than  on  the  relation 
of  volume-flow  of  blood  to  the  general  nutrition  obtaining. 

>  Reported  in  part  before  the  American  Physiological  Society,  Proceedings  in 
this  Journal,  1018,  xlv,  545. 
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Volume-flow  of  blood  appeared  to  be  .the  more  fundamental  problem 
and  as  the  results  will  show  mean  blood  pressure  gives  very  little 
evidence  of  the  gravity  of  the  disturbance.  A  primary  rise  in  pressure 
occurring  both  in  hemorrhage  and  tissue^buse  may  be  accompanied 
by  a  large  decrease  in  volume-flow  of  blood,  constituting  the  greater 
part  of  the  total  decrease  reached  by  a  subsequent  fall  to  zero  pressure. 

Shock  in  this  research  is  looked  upon  much  as  outlined  in  a  previous 
report  (4).  It  is  considered  in  a  very  general  way  as  a  combined  cir- 
culatory and  nutritional  disturbance  resultii^  from  a  number  of  forms 
of  tissue^buse  which  if  left  to  run  their  course  may  lead  to  death. 
Even  though  these  forms  of  tissue-abuse,  the  initiating  causes,  may  be 
removed  the  fatal  issue  is  not  necessarily  avoided.  Some  changes 
apparently  have  taken  place  as  a  result  of  the  tissue-abuse  which  stis- 
tains  the  condition.  The  factors  in  shock  are  therefore  divided  into 
initiating  faetora  and  saataining  fadors. 

The  definition  given  by  Ltisk  (5)  explains  what  is  meant  by  nutri- 
tional disturbance.  "Nutrition  may  be  defined  aa  the  sum  of  the 
processes  concerned  in  the  growth,  maintenance  and  repair  of  the  living 
body  as  a  whole  or  of  its  constituent  organs."  The  definition  is  ac- 
cepted in  this  paper  in  its  broadest  sense. 

Concemii^  the  initiating  and  sustaining  factors  in  shock,  we 
know  that  experimentally  a  condition  apparently  comparable  to 
shock  as  recognized  clinically  can  be  produced  by  numerous  procedures. 
Shock  is  produced  by  mechanically  inflicted  injury,  such  as  manipu- 
'  lation  of  the  intestines  or  the  crushing  of  muscle,  by  the  effects  of  cold 
produced  by  immersion  of  the  animal  in  iced  water  or  the  introduction 
of  ice  into  the  abdominal  cavity,  by  bums  or  scalds,  by  over-anes- 
thesia, \>y  dehydration  elicited  by  the  introduction  of  hypertonic 
solutions  into  the  abdominal  cavity,  by  interference  of  the  blood  sup- 
ply to  the  tissues  accomplished  by  clamping  of  the  inferior  vena  cava, 
cl^mpii^  of  the  aorta  and  ligation  of  the  veins  from  the  extremities, 
by  limitation  of  the  oxygen  intake,  etc.  For  that  reason  forms  of 
tissue-abuse  which  may  be  effective  in  producing  shock  are  designated 
as  initiating  factors. 

These  initiating  factors  ultimately  lead  to  changes  in  the  tissues 
which  have  their  influence  on  the  "sum  of  the  processes  concerned  in 
maintenance  and  repair"  of  living  tissue.  There  is  cellular  damage, 
increased  permeability  of  cells,  transudation,  eventual  decrease  in 
blood  voliune,  slowing  of  the  blood  stream,  etc.  These  represent 
sustainii^  factors  some  of  which  are  not  readily  removed. 
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Since  shock  as  recognized  clinically  is  associated  with  mechanically 
inflicted  injury,  surgical  or  otherwise,  it  might  be  well  to  designate  this 
injuiy  as  the  primary  initiating  facior  and  other  initiatii^  factors  which 
aggravate  the  condition,  whether  they  were  in  operation  before  or 
after  the  inflicted  injury,  as  accesaory  initiating  factors.  To  the  list 
should  be  added  any  form  of  tissue-abuse  even  though  it  alone  may  not, 
in  the  ordinary  sense  of  the  term,  produce  shock,  e.g.,  thirst,  fatigue, 
hunger,  etc. 

When  the  condition  of  shock  is  recognized  at  the  front,  the  circula- 
tory disturbances  have  reached  a  serious  stage.  Hence  an  importaot 
phase  of  the  problem  of  shock  is  a  matter  of  obtaining  a  basis  for  com- 
bating these  circulatory  disturbances. 

There  appears,  however,  to  be  another  phase  of  equal  if  not  greater 
importance,  and  that  is  the  means  of  preventing  these  disturbances, 
a  means  of  detecting  the  seriousness  (6),  (7),  (8),  of  the  initiating 
causes  before  the  outstanding  symptom  of  lowered  blood  pressure  has 
developed,  before  serious  structural  chaises  have  occurred  and  before 
irreparable  damage  has  been  done. 

The  emphasis  laid  on  blood  pressure  previously  expressed  itself  in 
the  employment  of  pressor  substances  such  as  adrenin  and  pituitrin 
for  the  elevation  of  pressure  at  the  expense  of  volume-flow.  Though 
these  forms  of  treatment  have  been  largely  discarded  it  appears  that 
too  much  weight  is  still  given  to  the  significance  of  mean  blood  pres- 
sure relative  to  the  conditions  obtaining.  Here  lies  a  dinger  of  per- 
mitting the  development  of  shock  which  might  otherwise  be  avoided. 
Although  the  animal  itself  employs  pressor  methods  to  combat  a 
iowerii^  of  pressure,  results  have  definitely  indicated  that  a  part  of  the 
problem  of  treatment  and  prevention  of  shock  lies  in  the  combatii^ 
of  these  pressor  reactions  of  the  animal. 

Though  a  blood  pressure  of  normal  magnitude  is  essential  under 
normal  conditions  to  maintain  proper  nutrition,  and  though  blood 
pressure  per  se  may  be  a  factor  of  importance  in  the  physiolc^^r  of 
secretion,  lymph,  etc.,  yet  we  know  that  conditions  of  lowered  blood 
pressure  produced  by  transection  of  the  cervical  cord  are  survived. 
The  survival  is  probably  due  to  the  fact  that  the  lowered  blood  pres- 
sure is  a  result  of  vasodilatation,  permitting  an  adequate  volume-flow 
of  blood. 

Though  the  study  of  shock  is  at  present  receiving  more  attention, 
the  common  observation  that  "hemorrhage  is  the  most  potent  shock 
producing  factor"  calls  for  a  close  comparison  of  the  two  conditions. 
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Hemorrhage  and  shock  have  many  points  of  similarity.  It  appeared 
to  me  that  the  study  of  hemorrhage  was  important  not  only  in  itself, 
but  especially  in  its  relation  to  shock. 

To  be  sure,  certain  outstanding  features  of  the  two  conditions 
should  call  for  different  forms  of  treatment,  but  if  these  conditions 
are  found  closely  comparable,  if  factors  controlling  the  volume-flow  of 
blood  operate  in  a  similar  fashion,  there  might  be  a  common  basis 
for  treatment  and  we  would  have  at  our  disposal  an  easy  and  per- 
fectly controllable  method  of  abusing  tissue  and  producing  shockUke 
'  conditions  amenable  to  the  study  "of  blood  substitutes  and  requiring 
a  minimum  amount  of  aseptic  surgery. 

In  these  experiments  shock  was  produced  by  exposure  and  manip- 
ulation of  the  abdominal  viscera. 

The  data  deal  with: 

a.  Basal  and  euperbasal-flow  of  blood  in  relation  to  metabolism. 

b.  The  dependence  of  normal  metabolism  on  basal  blood-flow  as 
measured  by  decreased  alkaline  reserve,  etc. 

c.  A  comparison  of  the  basal-flow  accompanying  decreased  blood 
pressure  produced  by  hemorrhage  and  by  tissue-abuse. 

d.  A  comparison  of  the  superbasal-flow  of  blood  obtaining  with 
lowered  pressure  from  hemorrhage  and  tissue-abuse. 

e.  The  relation  of  alkaline  reserve  to  volume-flow  of  blood  in  hemor- 
rhage, tissue-abuse  and  acid  injection. 

/.  The  r«spiratory  function  during  hemorrhage,  tissue-abuse  and  acid 
injection. 

g.  Comparative  effects  of  gum  acacia  injection  on  the  basal-flow  of 
blood  after  hemorrhage  and  tissue-abuse. 

The  relative  importance  of  the  sustaining  factor  of  slowed  circula- 
tion depends  on  the  degree  to  which  tissues  withstand  a  reduction  in 
volume-flow  of  blood  without  injury.  The  detrimental  effects  of  a 
marked  decrease  in  flow  accompanying  a  fall  in  pressure  are  easily 
demonstrable,  but  the  effects  of  a  smaller  decrease  in  volume-flow 
unaccompanied  by  a  change  in  pressure  are  not  so  apparent.  Thus  a 
demonstration  of  the  dependence  of  normal  metabolism  on  a  normal 
flow  of  blood  is  desirable. 

Data  bearing  on  this  point  were  obtained  from  experiments  in  this 
and  the  preceding  paper  (9)  on  a,  the  dependence  of  volume-flow  of 
blood  on  metaboli^n;  and  on  b,  the  dependence  of  metabolism  on  the 
volume-flow  of  blood. 
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a.  Basal  and  superbasal-fimD  of  blood  aa  affected  by  metabolism.  If 
we  accept  the  view  that  liberation  of  metabohtes  increases  the  flow  of 
blood  on  tissue  activation,  the  experiments  of  the  preceding  paper  show 
that  the  mechanism  of  volume-flow  of  blood  is  finely  adjusted  to  metab- 
olism and  suggest  that  a  normally  increased  function  requires  an 
increased  volume-flow.  It  will  be  recalled  that  a  stimulus  too  weak  to 
elicit  a  visible  secretion  but  strong  enough  to  produce  an  electrical 
deflection,  is  accompanied  by  a  considerable  increase  in  volume-flow 
of  blood.  The  Unear  relation  of  superbasal-flow  to  superbaaal-metab- 
olism  whether  dependent  on  the 'action  of  dilator  fibers  or  dilator' 
metabolites  subtests  a  purposive  mechanism  of  volume-flow  control. 
These  observations  along  with  others,  e.g.,  the  slower  recovery  of  a 
gland  from  activation  when  a  low  blood  pressure  prevails,  the  after- 
flow  of  blood  following  the  release  of  arterial  obstruction,  etc.,  all 
point  to  a  relatively  narrow  margin  of  safety  of  decrease  in  volume- 
flow. 

b.  Dependence  of  the  tissues  on  bosal-fUnD  of  blood  aa  measured  by 
decreased  alkaline  reserve.  The  experiments  cited  on  the  relation  of 
volume-flow  of  blood  to  metabolism  suggest  a  close  dependence  of  the 
tissues  on  volume-flow,  but  more  direct  experiments  were  desirable. 
Knowing  that  a  decreased  oxygen  supply  to  the  tissues  leads  to  the 
formation  of  acids  other  than  carbonic  acid  and  that  these  acids  reduce 
the  alkaline  reserve,  we  might  follow  in  a  quantitative  way  the  extent 
to  which  decreased  volume-flow  of  blood  affects  oxidations.  • 

Samples  of  blood  were  taken  at  regular  intervals— first,  during  a 
normal  control  period  with  a  constant  volume-flow;  second,  during  a 
period  of  reduced  flow  produced  by  hemorrhage;  third,  durii^  another 
period  of  further  reduced  flow  from  a  second  hemorrhage.  (See  fig.  1.) 
The  alkaline  reserve  of  the  blood  was  determined  with  the  Van  S^ke 
method  (10)  at  forty-five  thinute  intervals  and  plotted  on  the  ordi- 
nates  against  time  on  the  abscissas. 

During  the  period  of  normal  volume-flow  the  alkaline  reserve  remains 
approximately  constant.  Dming  the  next  two  periods,  initiated  by 
hemorrhage,  the  gradient  takes  two  sharp  dips,  indicating  that  the 
disturbance  in  oxidations  varies  directly  with  the  decrease  in  volume- 
flow  of  blood. 

Objection  to  this  conclusion  might  be  raised  on  the  ground  that  the 
decrease  in  alkaline  reserve  is  attributable  to  a  dilution  of  the  blood 
by  tissue  fluids  poor  in  alkali  (11).  To  determine  the  importance  of 
this  factor  in  the  dog  the  percentage  of  hemoglobin  was  likewise  plotted. 
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The  curve  shows  the  effect  of  dilution,  assuming  the  tissue  fluids  enter- 
ing the  blood  to  be  free  from  alkaline  reserve.  The  relative  dipping 
of  the  two  gradients  therefore,  indicates  that  the  dipping  of  the  COt 
gradient  is  to  be  attributed  mainly  to  decreased  oxidations.  This 
becomes  more  apparent  through  the  observation  that  a  decreased 
alkaline  reserve  of  the  blood  is  partially  compensated  by  attraction  of 
tissue  alkaline  reserve  into  the  blood.  (See  page  482.)  The  d^ree  to 
which  this  occurs  may  possibly  account  for  the  variabihty  noted  in 
the  configuration  of  the  curves,  for  all  the  curves  do  not  show  the 
sharp  bending  of  the  gradient  or  the  perfect  alignment  of  observations 
noted  in  figure  1.  The  attraction  of  alkaline  reserve  into  the  blood 
produces  a  bending  of  the  curve  upward  and  partly  conceals  the  effects 
of  decreased  volume-flow  of  blood. 


Fig.  1.  Currea  showing  the  relation  ot  oxidative  processea  to  volume-flow  of 
blood.  Hemoglobin  percentage,  carbon  dioxide  capacity  and  blood  flow  plotted- 
on  the  ordinates  against  time  on  the  abscissas. 

Upper  curve,  hemoglobin  percentage;  middle  curve,  carbon  dioxide  capacity; 
lower  curve,  volmne-flow  of  blood. 

The  detrimental  effects  of  decreased  flow  are  also  shown  in  figures 
3  and  4  where  the  variability  of  the  factor  of  safety  becomes  evident. 
Take,  for  example,  experiments  87  and  103  in  which  the  volume-flows 
are  markedly  reduced,  but  apparently  well  borne  as  indicated  by  the 
horizontal  COi  gradient.  The  interesting  feature  is  that  when  the ' 
break  in  the  COt  and  respiratory  gradients  occurs  it  is  abrupt.  In 
experiments  85,  99  and  102,  the  deflection  of  the  COt  and  respiratory 
gradients  foUpws  promptly  the  decrease  in  volume-flow  indicating  an 
exceedingly  small  factor  of  safety.  The  experiments  apparently 
represent  conditions  favorable  for  the  development  of  shock. 
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c.  A  comparison  of  basal-flow  of  blood  accompanying  decreased  blood 
pressure  produced  by  hemorrhage  and  by  tissue-abuse.  If  oxidations  are 
as  cloBely  dependent  on  volume-flow  aa  these  experiments  indicat«,  a 
reliable  index  to  the  flow  of  blood  in  shocklike  conditions  is  desirable. 
The  criterion  most  commonly  used  for  gauging  the  circulatory  dis- 
turbance in  experimeotal  shock  is  mean  blood  pressure.  As  was 
shown  in  the  preceding  paper,  mean  blood  pressure  in  itself  gives  very 
little  information  on  the  volume-flow  of  blood  obtaining.  Unless 
blood  pressure  per  se  is  of  considerable  importance  in  functions  other 
than  volume-flow  of  blood,  it  is  a  very  misleading  criterion  of  the  con- 
dition of  the  animal. 

The  danger  of  gauging  volume-flow  of  blood  by  mean  blood  pressure 
alone  is  due  mainly  to  the  double  relation  of  pressure  to  the  caliber  of 
vessels — a  decrease  in  caliber  may  be  the  cause  of  a  rise  in  pressure  and 
a  fall  in  pressure  may  be  the  cause  of  a  decrease  in  caliber.  At  least  we 
know  that  in  the  submaxillary  gland  with  the  vago-sympathetic  cut, 
vasoconstriction  accompanies  the  primary  fal|  in  blood  pressure.  Per- 
fusion of  dead  organs  likewise  shows  a  passive  constriction  during  the 
early  decrease  in  head  of  pressure. 

Note  that  in  figure  4,  experiment  98  and  figure  T^experiment  40,  a 
large  decrease  in  volume-flow  of  blood  occurs  during  a  perfectly  sta- 
tionary blood  pressure.  In  experiment  87,  figure  4  and  experiment  85, 
figure  3,  hemorrh^e  initiates  a  rise  of  blood  pressure  probably  due  to 
an  over-constriction. 

In  figure  4,  experiment  87,  hemorrhage  produced  a  rise  in  mean  blood 
pressure  from  112  to  116  mm.  Hg.  and  decreased  the  volume-flow  of 
blood  61.6  per  cent  of  the  original  flow.  The  further  fall  from  the 
augmented  pressure  of  116  mm.  to  50  mm.  Hg.  produced  a  relatively 
slow  decrease  in  volume-flow,  only  17.8  per  cent  of  the  initial  flow. 

In  figure  3,  experiment  85,  the  rise  in  pr^aure  is  greater  (11  mm.,  from 
116  to  127  mm.  Hg.)  and  the  decrease  in  volume-flow  is  hkewise  greater 
— 65  per  cent.  A  point  of  special  interest  in  this  experiment  is  the 
sudden  checking  of  the  decrease  in  volume-flow  during  the  rise  in 
pressure  which  is  changed  to  an  increased  flow  during  a  fall  in  pressure. 

The  practical  significance  of  mean  blood  pressure*  as  a  gauge  to  the 
general  condition  is  apparent:  a  constantly  maintained  pressure  may 
be  accompanied  by  a  large  decrease  in  volume-flow;  two  identical 
pressures  may  occur  at  different  stages,  one  representing  normal  flow 

.    'The  relation  of  pulse  pressure  to  the  circulatory  disturbance  was  not  studied. 
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and  the  other  a  marked  circulatory  disturbance;  a  rise  in  pressure  may 
be  accompanied  by  a  decrease  in  volunie^flow  of  blood  from  two  to 
three  times  as  great  as  that  accompanying  the  subsequent  fall  to  zero 
pressure.  The  important  point  common  to  all  observations  b  that 
the  greatest  decrease  in  volume-flow  of  blood  occurs  during  a  relatively 
small  deviation  from  the  initial  pressure  and  that  subsequent  to  this 
sudden  decrease  in  volume-flow  a  further  decrease  in  pressure  of  SO  mm. 
Hg.  or  more  may  be  accompanied  by  only  a  relatively  small  decrease, 
no  decrease  or  even  an  increase  in  volume-flow  of  blood. 

The  circulatory  disturbances,  so  far  as  the  general  volume-flow  of 
blood  is  concerned,  may  be  potentially  as  bad  with  a  high  as  with  a 
low  blood  pressure.  The  main  difference  in  the  two  conditions  is  that 
the  high  pressure  may  represent  a  disturbance  of  a  shorter  duration  and 
for  that  reason  be  more  amenable  to  treatment.  But  in  so  far  as 
the  brain  and  heart  consume  more  oxygen  than  the  other  tissues,  and 
id  so  far  as  vasoconstriction  of  central  origin  may  not  reduce  the  flow 
of  blood  through  these  structures,  as  through  other  structures,  the 
maintenance  of  a  high  blood  pressure  may  be  of  some  significance. 

Usually  the  lar)^  and  sudden  decrease  in  volume-flow  is  reached 
before  the  pressure  has  fallen  to  a  level  of  90  mm.  Hg.  In  one  experiment 
on  record,  hemorrhage  raised  the  initial  pressure  from  130  nmi.  to  140 
mm.  Hg.  and  when. the  initial  pressure  was  subsequently  reached  the 
volume-flow  was  decreased  78  per  cent.  Therefore,  pressures  from 
about  140  or  even  higher  to  90  mm.  Hg.  may  be  of  little  value  regard- 
ii^  the  volume-flow  of  blood  and  the  general  condition  obtaining  unless 
a  previous  record  of  pressure  is  at  hand. 

Figures  3,  4  and  7  show  the  similarity  of  the  cui^es  resulting  from 
hemorrhage  and  from  tissue-abuse.  It  appears,  therefore,  that  funda- 
mentally the  same  factors  controlling  voliune-flow  of  blood  are  operat- 
ing in  the  two  conditions.  These  factors  have  been  considered  in  some 
detail  in  the  preceding  paper  on  volume-flow  of  blood  (12). 

The  well-known  active  constriction  in  hemorrhage  may  be  looked 
upon  as  a  reaction  to  decreased  blood  volume.  Pilcher  and  SoUmann 
(13)  refer  the  constriction  to  decreased  oxidations  in  the  vasomotor 
center  resulting  from  the  decreased  volume.  I  am  incUned  to  feel 
that  the  reaction  may  be  of  the  nature  of  a  volume-reflex  similar  to  the 
lowering  of  blood  pressure  through  the  depressor  nerve.  This  is  sug- 
gested by  the  fact  that  although  large  and  even  rapid  hemorrhages 
may  occur  without  a  lowering  of  the  pressure  yet  constriction  results. 
But  this  is  not  the  question  in  which  we  are  interested  at  present. 
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ProtocoU  of  several  experimenta  are  given  to  show  the  effects  of 
hemorrhage.  What  concerns  us  in  these  protoc(ds  is  not  the  maximum 
amount  of  bleeding  a  nonnal  individual  may  withstand  and  still 
recover  but  rather  the  minimum  amount  producing  a  decided  decrease 
in  volume-flow  of  blood.  These  data  are  needed  to  ascertain  whether 
we  may  have  aeriotis  constriction  of  a  similar  source  from  transuda- 
tion in  tissue-abuse  and  to  determine  the  relative  importance  of  a 
decrease  in  blood  volume  whether  it  arises  from  hemorrhage  or  transu- 
dation  both  in  initiating  and  sustaining  shock. 

ExperiTttent  SB.    Repeated  hemorrhages. 

Weight  of  dog,  12,000  grams. 

Blood  volume,  1,080  cc. 

No.  5.  Total  amount  bled,  100  cc,  about  9.3  per  cent  of  blood  volume.  Total 
reduction  of  volume-flow,  4S  per  cent. 

No.  &.  Total  amount  bled,  195  cc. ,  about  18.0  per  cent  of  blood  volume.  Total 
reduction  of  volume-flow,  65  per  cent, 

Experimenl  S7.  Repeated  hemorrhagcB, 

Weight  of  dog,  14,940  grame. 

Blood  volume,  1,340  cc. 

No.  3.  Total  amount  bled,  115cc.,  about8.6  per  cent  of  blood  volume.  Reduc- 
tion of  volume-flow,  61.6  per  cent. 

Experiment  103.     Repeated  hemorrhagcB. 

Weight  of  dog,  18,300  grama. 

Blood  volume,  1,675  cc. 

No.  5.  Total  amount  bled,  175  cc,  about  9.6  per  cent  of  blood  volume.  Total 
reduction  of  volume-flow,  42,2  per  cent. 

No.  7.  Total  amount  bled,  275  cc,  about  15  per  cent  of  blood  volume.  Total 
reduction  of  volume-flow,  44.8  per  cent. 

Experiment  4^.     Repeated  hemorrhages. 

Weight  of  dog,  15,800  grams. 

Blood  volume,  1,420  cc 

Total  amount  bled,  190  cc,  about  10,5  per  cent  of  blood  volume.  Total 
amount  bled,  360  cc,  about  25  per  cent  of  blood  volume. 

Total  reduction  of  volume-flow,  69.5  per  cent, 

Experimenl  !fi.  Continuous  hemorrhage  through  the  vessel  of  the  gland. 

Weight  of  dog,  13,250  grams. 

Blood  volume,  1,196  cc. 

Total  amount  bled,  539  cc,  about  45  per  cent  of  blood  volume. 

Reduction  of  volume-flow,  70  per  cent. 

Experiment  iS.  Continuoua  hemorrhage  through  the  veasels  of  the  gland. 

Weight  of  dog,  12,590  grama. 

Blood  volume,  1,135  cc 

Total  amount  bled,  326  cc,  about  28  per  cent  of  blood  volume. 

Total  reduction  of  volume-flow,  42  per  cent. 

Total  amount  bled,  474  cc,  about  42  per  cent  of  blood  volume. 

Total  reduction  of  volume-flow,  66  per  cent. 
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Observe  the  varying  effecte  of  hemorrhage.  The  smaller  decrease  in 
volume-flow  elicited  by  a  continuous  hemorrhage  agrees  with  the  obser- 
vation that  animals  withstand  slow  hemorrhage  better  than  more  rapid 
hemorrhage.  But  another  explanation  is  possible.  The  relative  and 
absolute  decrease  in  volume-flow  resulting  from  reduced  blood  volume 
depends  upon  the  constrictor  tonus  at  the  beginning  of  the  experi- 
ment. If  for  any  reason  that  is  high,  (from  previous  concentration, 
for  example)  the  effects  of  lost  volume  are  reduced.  For  a  speciflc 
case  refer  to  experiment  100,  page47S.  Had  the  initial  determination 
of  volume-flow  been  postponed  but  a  few  minutes  the  major  effects  of 
decreased  volimie  would  have  been  missed.  It  is  probable  that  in 
most  cases  the  volume-flow  decreased  more  during  the  course  of  the 
experiment  than  is  represented  in  the  protocols  and  graphs.  But  even 
disregarding  such  possibihties  the  percentage  decrease  of  volume-flow 
of  blood  far  exceeds  the  percentage  decrease  in  blood  volume  in  every 
experiment.  The  maintenance  of  a  normal  blood  volume  is,  therefore, 
an  extremely  important  funetion. 

The  question  arises — does  the  same  mechanism  reduce  volume-flow 
in  tissue-abuse? 

From  the  observations  of  Sherrington  and  Copeman  (14),  Cobbett 
(15),  Lazarus-Barlow  (16),  Vale  (17),  Gasser,  Meek  and  Erlanger  (18) 
and  others  we  know  that  concentration  of  red  cells  in  the  blood  is  a 
striking  feature  of  tissue-abuse.  Occasionally,  even  in  the  early 
periods  of  an  experiment  I  have  noted  a  diminution  in  blood  volume 
from  this  source  amounting  to  more  than  20  per  cent.  Cobbett  records 
a  reduction  of  30  per  cent.  Employing  the  gum  acacia  method  of 
Meek  and  Gasser  (19)  for  determining  blood  volume,  Gasser,  Meek 
and  Erlanger  find  an  averse  reduction  of  blood  volume  amounting  to 
17-6  per  cent.  The  decrease  of  volume-flow  in  tissue-abuse  is,  there- 
fore, readily  accounted  for  in  most  instances. 

Though  the  vasoconstrictor  center  is  very  sensitive  to  small  changes 
in  blood  volume,  slight  reduction  in  the  early  stages  of  tissue-abuse 
might  appear  insufficient  to  elicit  the  decreased  volume-flow.  The 
experiments  of  Pilcher  and  Sollmann  showing  that  a  shunting  of  blood 
to  a  local  area  by  local  dilatation  produces  a  generaf  vasoconstriction 
meets  this  difficulty  for  the  viscera,  after  manipulation,  give  every 
appearance  of  acute  inflammation  with  an  increased  blood  flow.  The 
effects  on  constriction  of  decreased  circulating  blood  from  stasis  should 
also  be  mentioned  (Welch,  Mann,  and  Erlanger  and  Gasser). 
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Only  rarely  can  the  effect  of  reduced  blood  volume  from  tissue-abuse 
be  studied  as  clearly  as  in  hemorrhage.  Therefore  experiment  100  is 
described  in  some  detail,  an  experiment  in  which  for  some  imknown 
reason  rapid  and  marked  concentration  of  the  blood  occurred  with  the 
animal  almost  intact  even  before  the  abdomen  was  opened.  The 
animal  experimented  on  was  a  male  bull  dog  apparently  in  perfect 
health,  previously  injected  with  morphine  sulphate  which  had  taken 
marked  effect.  The  dissection  about  the  submaxillary  gland  was  possible 
without  the  use  of  ether. 

The  volume-flow  of  blood  was  100  drops  per  minute  and  the  volume 
percentage  of  red  cells  was  60.  To  eliminate  effects  other  than  manip- 
ulation of  the  viscera,  which  was  to  follow,  another  determination  of 
the  Uood  flow  was  made  one  half-hour  later  and  found  to  be  30  drops 
per  minute  Not  knowing  how  to  account  for  such  a  striking  reduction 
in  volume-flow,  the  blood  pressure  having  remained  constant  at  130 
mm.  Hg.  and  the  dissection  of  the  gland  having  been  a  very  easy  one, 
the  percentage  of  red  cells  was  again  determined  and  found  to  be  79. 
The  diminution  in  blood  volume  which  such  concentration  entails 
accounts  for  the  serious  constriction.  That  such  disturbances  occur 
without  any  outward  signs  whatever  suggests  an  explanation  of  some 
of  the  more  mysterious  cases  of  shock.  The  experiment  shows  again 
the  danger  of  relying  too  much  upon  blood  pressure  measurements. 

That  general  constriction  rather  than  exhaustion  of  the  vasomotor 
center  exists  in  the  early  stages  of  shock  is  generally  accepted,  (20), 
(21),  (22),  (23),  (24),  (25),  (26),  but  experiments  such  as  no.  100  point 
definitely  to  the  source  of  the  reaction — a  decreased  blood  volume 
similar  to  the  source  of  constriction  in  hemorrhage. 

Epstein  (27)  calls  attention  to  concentration  of  red  cells  from  admin- 
istration of  ether.  Whether  the  small  amount  used  in  experiment  100 
could  account  for  the  transudation  of  plasma  is  questionable,  however. 

It  might  be  mentioned  in  connection  with  decreased  blood  volume 
that  manipulation  of  the  intestines  in  many  animals  produces  a  prompt 
and  visible  thickening  of  the  intestinal  wall  and  cessation  of  manip- 
ulation is  frequently  followed  by  considerable  recovery  of  the  normal 
thickness.  These  events  may  be  frequently  repeated;  and  they  pre- 
aiunably  are  accompanied  by  fluctuations  in  blood  voliune  as  is  indi- 
cated by  synchronous  oscillations  in  mean  blood  pressure. 

I  also  have  observed  that  manipulation  of  limited  segments  of  the 
intestines  though  initially  leading  to  a  deflnite  fall  in  pressure  soon 
becomes  leas  effective.     This  may  be  due  to  the  fact  that  maximum 
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transudation  in  the  manipulated  segment  has  occurred  for  manipula- 
tion of  a  new  segment  now  leads  to  further  transudation  and  fall  in 
pressure.     Other  explanations  of  course  are  possihle. 

All  the  experiments  indicate  the  similarity  of  the  vascular  reactions 
in  hemorrhage  and  tissue-abuse.  This  is  borne  out  by  the  following 
observations.  Ptlcher  and  Sollmann  noted  that  animals  with  a  low 
initial  pressure  withstand  hemorrhage  far  better  than  those  with  a 
high  pressure,  a  fact  also  noted  in  the  present  research.  The  manner 
in  which  some  animals  withstand  large  and  even  rapid  hemorrhages 
without  a  lowering  of  the  pressure  during  bleeding  is  remarkable.  The 
counterpart  of  this  is  the  observation  of  Erlanger  and  Gasser  that 
animals  with  a  high  initial  pressure  respond  less  welt  to  treatment 
after  clamping  of  the  cava  than  do  animals  with  a  lower  initial  pressure. 

d.  A  comparison  of  the  superbaxal-fiow  of  blood  with  lowered  blood 
pressure  from  hemorrhage  and  lissue-abuse.  In  the  regulation  of  vol- 
um^flow  of  blood  to  the  tissue  needs  we  are  not  only  interested  in  the 
manner  in  which  the  flow  to  a  resting  tissue  vari^  with  changing  head 
of  pressure,  but  also  in  the  superbasal-flow  for  activated  tissue.  Un- 
doubtedly m  the  marked  nutritional  disturbances  occurring  in  condi- 
tions of  lowered  blood  pressure,  tissues  suffer  not  only  from  decreased 
basal-flow  but  Ukewise  decreased  superbasal-flow.  That  the  liver, 
kidney  and  probably  the  heart  are  called  upon  for  increased  activity 
seems  possible. 

By  stimulating  the  chorda  tympani  so  as  to  elicit  equal  amounts  of 
saliva  with  varying  heads  of  pressure  and  measuring  the  ejctra  flow  of 
blood  per  drop  of  saliva  we  determined  the  conditions  under  which 
tissues  work  in  hemorrhage.  (See  page  451,  paper  III)  (28).  It  was 
found  that  superbasal-flow  divided  by  superbasal-metabolism  decreases 
out  of  aU  proportion  to  the  decrease  in  pressure. 

The  effects  of  tissue-abuse  are  equally  as  great  as  hemorrhage 
(see  fig.  2  and  table  1).  In  figure  2  the  bassl-flow  of  blood  is  plotted 
against  mean  blood  pressure  in  the  usual  way,  and  observations  shown 
in  the  table  are  designated  on  the  curve. 

The  initial  changes  in  blood  pressure  have  the  most  detrimental 
effects  on  superbasal-flow  as  well  as  on  basal-flow.  Though  a  100  mm. 
Hg.  might  be  considered  a  normal  pressure  for  some  dogs,  yet  when 
that  pressure  is  reached  in  this  experiment  the  superbasal-flow  of 
blood  is  more  than  halved.  Since  the  stretching  head  of  pressure 
seems  adequate  to  take  advantage  of  any  inhibition  of  tonus  and 
produce  an  adequate  superbasal-flow  of  blood  we  are  reminded  of  the 
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expeiitneDta  of  the  preceding  paper  of  combined  and  separate  stimula- 
tion of  the  chorda  tympani  and  vagosympathetic  (see  fig.  4,  paper 
III). 

The  amount  of  secretion  obtained  by  combined  stimulation  is  greater 
than  that  obtained  by  chorda  stimulation  alone,  and  yet  is  accom- 
panied by  a  smaller  volume-flow  of  blood.     This  smaller  volume-flow 


Fig.  2.  Basal-flow  of  blood,  from  « 
plotted  on  the  ordinates  anainBt  meai 


I  experiment  on  the  effects  of  tiRRUc-alm 
blood  pressure  on  the  abscL-iMaH, 


■■—■""" 

uu'hS"  '" 

',fi^ 

i^';;.":.sr.-' 

IHTID«Dlir««!B»nOll 

A 

124 

68.0 

13.9 

B 

132 

48.0 

12.0 

C 

100 

23,0 

5.9 

D 

66 

9.5 

3.3 

E 

50 

7.7 

1.8 

F 

35 

6:o 

0.0 

was  attributed  to  the  failure  of  the  chorda  effects  to  inhibit  the  in- 
creased tonus  resulting  from  vago-sym pathetic  stimulation. 

During  the  earlier  stages  of  hemorrhage  and  tissue-abuse  we  have 
comparable  conditions;  an  increased  constrictor  tonus  which  must  be 
inhibited  before  a  superbaaal-flow  of  blood  can  take  place.  That  this 
is  a  factor  of  some  significance  is  indicated  in  figure  2  and  table  1,  for 
despite  the  increased  stretching  head  of  pressure  at  B,  the  increased 
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constrictor  tonus  which  is  the  cause  of  the  rise  in  pressure  is  not  as 
thoroughly  inhibited  and  the  superbasal-flow  of  blood  is  decreaaed. 

The  danger  that  such  a  mechanism  may  act  detrimentally  on  some 
important  activated  tissue  is  apparent. 

e.  The  relation  of  alkaline  reserve  lo  volum&-fttm  of  blood  in  hmnorrhage, 
tissue-abuse  and  acid-injection.  The  relation  of  volume-flow  of  blood 
to  alkaline  reserve  is  a  perplexing  one. 

It  will  be  recalled  (29)  that  with  innervation  intact  acid  injection 
may  decrease  the  basal-flow  of  blood  and  with  the  vago-sympathetic 
severed  elicit  increased  flow;  that  the  superbasal-flow  of  blood  appears 
at  times  to  be  increased  by  a  decreased  alkaline  reserve,  and  that  a 
possibility  of  a  balanced  action,  peripheral  and  central  exists. 

From  a  practical  point  of  view,  I  have  nothing  definite  to  add  but 
some  observations  may  be  of  significance. 

Animals  withstand  large  injections  of  acid  which  may  lead  to  an  in- 
creased rather  than  decreased  pressure.  An  increased  pressure  of  140 
mm,  Hg.  at  a  Van  Slyke  reading  of  6  g.ving  way  suddenly  to  zero 
pressure  on  further  injections  indicates  that  the  heart  may  for  a  time 
at  least  execute  extra  work  with  an  exceedingly  low  alkaline  reserve. 

But  that  the  organism  strives  to  prevent  a  development  of  a  low 
alkaline  reserve  long  before  that  is  reached  is  shown  in  table  2 ;  n/2  hydro- 
chloric acid  was  injected  intravenously  at  intervals  of  approximately 
30  minutes  and  the  COt  content  followed.  (This  experiment  was  per- 
formed for  another  purpose,  therefore  the  intervals  and  amount  of 
acid  are  not  the  same.  The  results,  however,  are  so  striking  that  the 
conclusions  are  not  affected.)  The  COj  content  was  dotermined  prior 
to  each  injection.  The  reduction  of  alkaline  reserve  with  each  injec- 
tion divided  by  the  amount  of  acid  injected  gives  the  effectiveness  of 
the  acid  to  neutralize  the  reserve  at  different  stE^es  of  the  experiment. 
The  effectiveness  rapidly  decreases  and  at  the  end  the  tissue  reserve 
enters  the  blood  so  rapidly  that  the  acid  injection  in  the  interval  al- 
lowed is  without  effect. 

The  wide  variations  of  alkaline  reserve  noted  by  Henderson  and 
Haggard  (30),  and  by  Scott  (31)  and  their  relation  to  morphinization 
were  observed  by  me.  In  addition  it  was  found  that  the  lethal  injec- 
tion of  acid  per  kilo  of  body  weight  was  less  in  animals  with  a  high 
alkaline  reserve  than  in  animals  with  a  low  alkaline  reserve. 

The  passage  of  alkaline  reserve  into  the  blood  may  represent  one  of 
the  noimal  mechanisms  of  combatting  increased  hydrogen  ion  con- 
centration yet  as  Bayhss  (32)  pointed  out  a  low  alkaline  reserve  may 
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not  be  without  its  advantages  when  the  effects  on  volume-flow  of  blood, 
gaseous  exchange  in  the  luags  and  in  the  tissues  in  general  are  con- 
sidered. Though  the  results  of  the  preceding  paper  suggested  similar 
ideas,  a  maintenance  of  normal  alkaline  reserve  is  probably  preferable. 
Erlanger  and  Gasser  find  that  injection  of  carbonate  in  concentrated 
form  ia  distinctly  harmful  but  is  not  harmful  when  injected  in  weaker 
concentrations.  In  the  matter  of  treatment  Baylias  and  Erlanger  and 
Gasser  fee!  that  with  improved  circulation  the  alkaline  reserve  will 
take  care  of  itself.  The  rapid  passage  of  alkahne  reserve  into  the 
blood  as  shown  in  table  2  illustrates  how  readily  a  lowered  alkaline 
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reserve  is  overcome.  The  work  of  Howell,  Seelig,  Mann  and  others, 
however,  indicates  the  beneficial  effects  of  injection  of  carbonate. 
■  /.  The  respiratory  function  during  hemorrhage,  ti8Sue-<Auae  and  add 
injection.  The  similar  and  normal  constrictor  reaction  of  the  vaso- 
motor center  in  hemorrhage  and  tissue-abuse  and  the  normal  reaction 
of  the  cardio-inhibitory  center  in  shock  (33),  suggested  also  the 
need  of  a  closer  comparison  of  the  respiratory  function  in  the  two  con- 
ditions than  has  hitherto  been  made.  In  such  a  study  we  are  inter- 
ested in  the  reaction  of  the  respiratory  center  to  the  decreasing  alka- 
line reserve  prevailing  in  order  to  determine  more  nearly  the  relative 
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importance  of  a  general  involvement  of  the  medullary  centers  and  the 
relation  of  the  reaction  to  general  oxidative  processes. 

In  studying  respiration  we  must  distinguish  between  caViae  and 
effect.  Van  Slyke  (34),  Henderson  and  Haggard,  Scott  and  others 
point  to  the  readiness  with  which  the  alkaline  reserve  of  the  blood  may 
shift.  I  have  found  the  effects  of  morphinization  pointed  out  by 
Henderson  and  Haggard  and  Scott  to  be  striking  and  also  that  painful 
stimulation  from  tissue-abuse  is  likely  to  lead  to  over-ventilation  with 
a  reduction  of  the  alkaline  reserve  of  the  blood. 

It  is  therefore  realized  that  a  study  of  respiration  is  best  carried  out 
on  a  decerebrate  animal.  But  the  curves  will  show  that  under  certain 
circumstances,  with  both  acid  injection  and  hemorrhage,  a  uniformity 
of  results  is  obtainable.  In  tiasue-abuse  where  painful  stimuli  enter 
into  play  such  uniformity  is  not  to  be  expected  and  therefore  if  only 
occasional  experiments  are  comparable  to  those  of  hemorrhage  we 
might  be  justified  in  concluding  that  the  response  to  changing  alkaline 
reserve  would  be  similar  were  painful  stimuli  always  excluded. 

The  general  effect  of  decreased  alkaline  reserve  in  hemorrhage  and 
tissue^buse  in  its  relation  to  respiration  is  shown  in  figures  3  and  4. 
The  experiments  on  hemorrhage  are  designated  by  an  H  and  on  tissue- 
abuse  by  T.  A.  and  are  shown  in  pairs  for  purposes  of  comparison. 

Respiration  and  carbon  dioxide  content  of  the  arterial  blood  are 
plotted  on  the  ordinates  against  mean  blood  pressure  on  the  abscissas. 
A  definite  similarity  in  the  increased  response  of  the  center  to  decreas- 
ing alkaline  reserve  appears,  but  a  better  comparison  is  obtained  by 
plotting  the  respiration  against  carbon  dioxide  capacity  as  shown  in 
figure  5. 

To  control  the  results  obtained  in  hemorrh^e  and  tissue-abuse  the 
effects  of  lowered  alkaline  reserve  by  acid  injection  (N/2  HCl)  ^ere 
first  studied.  Plotting  the  results  in  the  manner  described  we  find 
the  reaction  of  the  respiratory  center  to  be  represented  by  a  straight 
line.     (See  fig.  5).     Apparently  this  may  be  looked  upon  as  the  normal 


Reduction  of  the  alkaline  reserve  by  a  decreased  volume-flow  pro- 
duced by  hemorrhage  elicits  the  same  reaction.  It  would  seem  that 
the  decreased  volume  flow  per  se  accompanying  the  decreased  alka- 
line reserve  is  without  effect  upon  the  respiratory  center.  But  as 
pointed  out  before,  the  curve  of  flow  through  the  submaxillary  gland 
may  not  represent  the  flow  obtainii^  under  similar  conditions  through 
the  brain. 
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The  rapid  rise  of  the  curves  of  respiration  in  experiments  98  and 
on  tissue  abuse  represent  exceptions  to  the  previous  reactions  not 
and  suggest  a  reflex  excitation  of  the  respiratory  center  by  pain 
stimuh.     The    disturbance   in    oxidations    could   hardly   be    marli 
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Figa.  3  and  4.  Comparieoa  of  conditions  in  experimenta  on  hemorrhage, 
and  tissue  abuee,  T.A.  Basal  flow,#rcepiration,  O,  carbon  dioxide  content 
arterial  blood,  A  and  hemoglobin  percentage  plotted  on  the  ordinates  agaii 
mean  blood  presaure  on  the  abBcisaaB  d.  The  figures  on  the  ordinates  repress 
carbon  dioxide  content;  on  the  abscissae  mean  blood  pressure  in  mm.  Hg. 

enough  to  account  for  the  sudden  diminution  in  alkaline  reserve.     & 
also  experiment  98  as  plotted  in  figure  4. 

In  experiments,  however,  where  pain  stimuli  for  some  reason  a 
less  effective,  the  response  of  the  respiratory  center  appears  to  be  n< 
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mal  (see  expa,  101  and  90  in  fig.  5).  The  earlier  failure  of  the  center 
noted  in  certain  casea  of  shock  may  represent  a  reaction  to  decreased 
body  temperature  from  visceral  exposure,  a  factor  not  carefully 
controlled. 

If  this  is  true  cold  is  important  from  many  points  of  view,  not  only 
in  reducing  blood-flow  and  oxidation,  (35),  (36),  but  depressinf^  the 


Fig.  4 

respiratory  center  as  well  and  from  these  experiments  we  infer  that 
where  the  factor  of  cold  does  not  enter  the  danger  of  hemorrhage  and 
tissue-abuse  is  not  attributable  to  a  failure  of  the  respiratory  center. 
It  may  be,  however,  that  the  more  shallow  and  rapid  respirations  in 
tissue-abuse  are  not  aa  effective  in  securing  gaseous  exchange  as  the 
slower  and  deeper  respirations  in  hemorrhage.  No  effort  was  made  to 
determine  the  reason  for  the  difference  in  the  type  of  respiration.     Pos- 
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eibly  the  openii^  of  the  abdomen  interferes  with  the  action  of  the 
abdominal  respiratory  muscles. 

g.  Comparalive  effects  of  gum  acacia  injection  on  the  basal-Jlow  of 
blood  after  hemorrhage  and  tiaane-abuee.  The  experiments  to  be  de- 
scribed were  performed  for  a  number  of  purposes : 

1 .  To  check  the  effects  of  inflammation  on  volmne-flow  of  blood  in 
the  experiments  on  hemorrhage. 

2.  To  dfitemiiue  the  importance  of  the  viscosity  factor  in  volume- 
flow  of  blood  in  hemorrhage  and  in  tissue-abuse, 

3.  To  determine  and  compare  in  hemorrhage  and  tissue-abuse  the 
manner  in  which  volume-flow  of  blood  responds  to  increased  blood 
volume. 

4.  To  arrive  at  some  basis  of  treatment  by  taking  into  consideration 
the  factor  of  volume-flow  times  the  concentration  of  the  blood. 

.  g.  t.  The  similarity  of  the  three  curves  of  volume-flow  in  figure  6 
obtained  by  bleeding,  by  acacia  injection  and  by  rebleeding  indicate 
that  the  factors  of  cold  and  inflammation  so  far  as  they  are  concerned 
in  the  hemorrhage  experimenta  have  little  influence  on  the  volume- 
flow  of  blood.  They  show  that  severe  hemorrhage  if  compensated  in 
time  is  without  serious  effect  upon  the  constrictor  tonus  and  on  the 
normal  elastic  properties  of  the  vessels  for  the  response  is  sunilar  in 
three  alterations  of  pressure.  (See  also  curves  obtained  diuing  bleed- 
ing and  injection  in  fig.  7,  exp.  49.) 

g.  $.  Changing  the  mean  blood  pressure  by  hemorrhage,  by  tissue- 
abuse  and  by  acacia  injection  we  get  three'  combinations  of  varying 
pressures  and  concentrations  of  corpuscles.  Assuming  the  corpuscle 
to  be  the  main  viscosity  factor  the  ciures  of  flow  show  that  changes 
in  viscosity  occurring  in  these  experiments  have  relatively  little  effect 
upon  the  configuration  of  the  curve.  The  effects  appear  more  upon  its 
position. 

g.  S.  For  example  in  experiment  49,  figure  7,  the  injection  curve 
differs  from  the  hemorrhf^  curve  mainly  in  position;  this  change  is 
largely  accounted  for  by  dilution  of  the  blood  and  by  deterioration  of 
the  vasomotor  center.  The  curve,  however,  represents  a  good  response 
on  the  part  of  the  vascular  system  to  injections.  The  relatively  insig- 
nificant effects  of  rise  in  pressure  up  to  85  mm.  Hg.  on  the  volume- 
flow  and  the  enormous  effects  of  a  further  increased  pressure  point  to  , 
the  practical  importance  of  adequate  injections  in  the  treatment  of 
lowered  blood  pressure.  The  shifting  of  the  injection  curve  to  the 
right  indicates,  however,  that  we  should  be  satisfied  in  attaining  pres- 
sures slightly  below  the  normal  pressure  of  the  individual  in  question. 
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A  prolonged  condition  of  lowered  blood  pressure  diaturbs  the  nonual 
response  to  injection.  Apparently  the  vasomotor  center  and  the  elas- 
tic properties  of  the  vessels  are  affected.  The  contour  of  the  injection 
curve  approaches  a  straight  line,  (See  injection  and  rebleeding  curve 
of  exp.  48  and  the  rebleeding  curve  of  exp.  49,  fig.  7).  This  variation 
in  response  appears  to  be  a  matter  of  some  importance  relative  to 
treatment  of  conditions  of  lowered  blood  pressure  and  will  be  con- 
sidered below. 

The  experiments  on  the  comparison  of  the  response  of  the  vascular 
system  after  tissue-abuse  with  the  response  in  hemorrhage  are  limited 
Figure  7  however  shows  that  considerable  similarity  in  the  two  condi- 
tions may  be  expected. 


Fig.  6.  Three  curves  of  bas&I-flow  of  blood  from  hemorrhage,  acacia  iojection 
and  rebleeding. 

Nevertheless,  in  certain  instances  (exp.  51,  fig,  7)  a  shifting  of  the 
injection  curve  to  the  left  occurred,  an  observation  missing  in  the 
hemorrhage  experiments,  attributable  I  believe  to  the  effects  of  a  small 
fall  in  body  temperature  absent  during  hemorrhage. 

g.  4-  In  the  treatment  of  hemorrhage  and  shock  transfusion  both  of 
blood  and  of  inert  solutions  is  practiced.  So  far  as  I  am  aware,  apart 
from  supplying  fluid  and  fluid  transport  to  the  tissues,  we  have  rela- 
tively little  experimental  basis  for  the  treatment  of  conditions  of 
lowered  blood  pressure  by  inert  injection*  and  particularly  hemorrhage 

*  By  inert  injection  ie  meant  the  injection  of  a.  fluid  so  far  as  the  tiseues  arc 
concerned,  physically  and  chemically  inert,  possessing, the  same  colloidal  and 
saline  osmotic  pressure  and  a  similar  viscosity  as  that  of  blood  and  having  no 
chemically  stimulating  effect.  A  7  per  cent  gum  acacia  auspensioi)  in  0.9  per 
cent  NaCl  may  be  looked  upon  as  an  approximation  to  such  a  solution. 
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fi,nd  shock  plus  hemorrhage.  The  data  we  have  is  tnunly  of  an  empir- 
ical nature,  namely,  the  beneficial  effects  following  injections  of  saline 
solutions  and  of  colloidal  suspensions.  It  seemed,  therefore,  that  if  a 
basis  for  such  treatment  is  found  the  procedures  and  details  of  admin- 
istering injection  might  be  improved.  We  would  in  addition  have  a 
basis  formodifying  the  nature  of  the  injection  fluid  to  meet  more  nearly 
the  needs  of  the  tissues. 

Lookii^  upon  blood  as  a  means  of  transport  of  nutrient  material  to, 
and  of  waste  material  and  secretions  from  the  cells,  we  may  be  justi- 
fied in  assuming  that  either  a  dilution  of  the  blood  or  a  reduction  in 
the  flow  would  interfere  with  both  of  these  functions.  It  is  probable 
that,  the  availability  of  any  nutrient  to  the  tissues  depends  upon  the 
combination  of  two  factors — volume-flow  times  concentration  of  the 
nutrient  in  question  particularly  whem  deficiencies  exist.  This  com- 
bination I  have  called  the  rattrierU-flow. 

The  damage  done  by  a  decrease  in  the  nutrient-flow  probably  de- 
pends upon  the  extent  to  which  any  essential  nutrient  {oxygen,  salts, 
alkah,  derivatives  of  fats,  carbohydrates  and  proteins)  is  depleted  as 
the  blood  flows  through  the  tissues.  An  important  question,  there- 
fore, is  to  determine  the  particular  deficiencies  leading  to  disturbed 
nutrition. 

It  appears  that  the  oxygen  supply  to  the  tissues  is  of  utmost  impor- 
tance. This  is  more  recently  borne  out  by  the  demonstration  of  the 
equal  effectiveness  of  the  injection  of  red  cell  suspensions  and  of  whole 
blood  (37)  yet  it  might  be  mentioned  that  the  cells  in  this  case  were 
suspended  in  glucose  solution.  The  beneficial  effect  and  advantages 
of  injection  of  sugar  solutions  noted  by  Sansum  and  Woodyatt  (38), 
Erlanger  and  Woodyatt  (39),  Erlanger  and  Gaaser  and  others  (40), 
(41),  (42),  (43)  and  (44),  in  shock  and  in  other  conditions  indicate  the 
desirability  of  increasing  the  sugar  concentrations  of  the  blood.  The 
unsettled  views  on  alkaline  reserve  call  for  further  study  of  this  factor. 
This  phase  of  the  subject  will  be  considered  in  greater  detail  in  the 
discussion. 

It  is  apparent  that  the  increased  volume-flow  produced  by  trans- 
fusion of  whole  blood  within  certain  limits  might  be  of  value  in  direct 
proportion  to  the  increased  flow.  The  question  arises — wherein  lie 
the  beneficial  effects  of  inert  injection?  Can  the  nutrient  flow  of  any 
constituent  be  increased  without  its  addition  to  the  circulating  blood? 
If  so,  the  flow  of  blood  must  increase  out  of  proportion  to  the  extent  of 
dilution  eUciting  the  increased  flow.  That  this  occurs  follows  from  the 
previous  observation  that  a  decrease  in  blood  volume  produces  a 
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decrease  in  volume-flow  out  of  all  proportion  to  the  decreased  volume, 
and  from  the  observation  that  the  volimie-flow  curve  with  decreasing 
preaaure  may  be  duplicated  with  riBing  preaaure  from  acacia  injection. 
The  queation,  however,  can  be  put  to  the  direct  test  by  measuring 
the  volume-flow  with  decreasing  and  increasii^  pressure,  multiplying 


Fig.  7.  Comparison  of  curves  of  basal-flow  of  blood  in  hemorrhage  and  tiBsue 
abuse  showing  the  response  of  volume-flow  to  injection  of  acacia.  With  table  3 
it  illuBtrates  the  changes  in  nutrient-flow  accompanying  changes  in  volume- 
flow;  the  curve  of  nutrient-flow  is  represented  by  crosses.  The  curve  nutrient- 
Row  in  experiment  51  follows  the  injection  curve  of  flow. 

by  the  percentage  of  red  cells  and  obtaining  the  nutrient-flow.  The 
data  from  four  auch  experimenta,  two  on  hemorrhage  and  two  on 
tissue-abuae,  are  ahown  in  figure  7  and  table  3.  The  data  of  the  let- 
tered obaervations  are  given  in  the  table — blood  presaure,  volume-flow, 
percentage  of  red  corpuscles  or  nutrient-concentration,  nutrient-flow. 
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nutrient-flow  compared  with  the  normal  initial  nutrient-flow  valued 
at  100,  and  the  nutrient-flow  relative  to  the  lowest  nutrient-flow  also 
valued  at  100.  The  curves  of  nutrient-flow  as  well  as  of  volume-flow 
are  shown  in  figure  7. 

In  experiment  49  on  hemorrhage  the  pressure  was  lowered  to  36 
mm.  Hg.  The  nutrient-flow  waa  decreased  to  leas  than  20  and  was 
raised  again  by  acacia  injection  to  62.7.  The  value  of  the  highest 
nutrient  flow  at  M  compared  with  that  at  F  is  309. 

In  experiment  48,  also  on  hemorrhage,  the  nutrient-flow  was  de- 
creased to  15.3  but  subsequently  raised  only  to  36.5. 

The  two  experiments  on  tissue-abuse  also  represent  what  might 
be  looked  upon  as  a  successful  and  less  successful  treatment.  In  one 
case  the  nutrient-flow  was  lowered  to  41.2  and  raised  to  64.2,  in  the 
other  lowered  to  19.4  and  raised  to  30,2,  The  failure  to  improve  the 
nutrient-flow  more  in  these  experiments  is  lai^ly  due  to  a  failure  to 
inject  enough  acacia.  For  example,  in  experiment  51  the  percentage 
of  corpuscles  at  the  height  of  injection  was  48.6.  Further  dilution 
undoubtedly  would  have  been  accompanied  by  an  increased  nutrient 
flow. 

It  is  apparent  from  these  tables  that  in  both  hemorrhage  and  in 
tissue-abuse  the  condition  of  lowered  blood  pressure  may  be  markedly 
improved  by  the  injection  of  an  inert  solution. 

■  In  attempting  to  explain  the  increased  nutrient-flow  accompanying 
increased  volume-flow  from  inert  injection  the  factor  of  pressure  is 
practicaUy  eliminated  by  analysis  of  conditions  represented  in  figure  7 
experiment  49,  where  pressure  remains  constant  but  volume-flow  rap- 
idly increases.  By  assuming  the  function  of  the  heart  to  remain  con- 
stant the  dependence  of  volume-flow  is  reduced  to  three  main  factors — 
viscosity,  caliber  of  the  vessels,  and  filling  of  the  heart.  All  of  these 
factors  are  undoubtedly  operative  in  increasing  the  flow. 

Concerning  viscosity,  Tigerstedt  noted  that  relatively  large  injections 
of  defibrinated  blood  affected  little  the  ventricular  output  of  the  rab- 
bit while  similar  injections  of  salt  solution  augmented  the  flow.  The 
difference  in  results  he  attributed  to  the  diminution  of  viscosity  of  the 
blood  by  saline  injection.  This  effect  of  decreased  viscosity  is  also 
noted  in  the  shifting  of  the  injection  curve  of  volume-flow  to  the  right 
in  figure  7  of  this  paper,  But  if  this  factor  is  operative  in  increasing 
the  nutrient-flow  it  must  decrease  the  viscosity  out  of  proportion  to  the 
dilution  entailed.  An  analysis  of  the  tables  of  Burton-Opitz  would 
indicate  this  as  a  possibility  if  the  results  of  viscosity  as  measured  by 
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Sow  of  blood  through  a  glass  capillary  tube  can  be  applied  to  the 
peripheral  flow  of  blood  in  situ.  Though  a  change  in  viscosity  may 
influence  the  nutrient  as  well  as  the  volume-Sow  it  doee  not  appear  to 
be  a  factor  when  gum  acacia  is  injected,  as  is  indicated  by  the  rela- 
tively small  effect  of  change  in  viscoaity  {as  measured  by  the  cor- 
puscles) on  the  curves  of  volume  flow.  This  is  further  borne  out  by 
the  relatively  small  inerea^  in  nutrient  and  volume-flow  elicited  by 
acacia  injection  in  experiment  4S  when  compared  with  experiment  49. 

Some  other  factor  comes  into  play.  In  later  experiments  controlling 
the  effects  of  small  intravenous  injections  of  drugs  on  cardiac  output, 
Tigerstedt  noted  that  an  increase  of  the  normal  blood  volmne  aug- 
mented the  cardiac  output  out  of  proportion  to  the  injection.  The 
curves  of  volume-flow  of  blood  of  the  submaxillary  gland  ^ow  that  in 
all  stages  of  depleted  blood-volume  injection  of  inert  solution  may  in- 
crease the  volume-flow  out  of  all  proportion  to  the  dilution  produced. 
We  know  from  the  increased  filling  of  the  heart  which. occurs  that 
dilution  results  both  from  the  increased  capacity  of  the  heart  and  of 
the  larger  vessels,  and  from  the  increased  volume-flow  occurring  with 
constant  head  of  pressure  that  dilution  must  also  result  from  the 
increased  capacity  of  the  peripheral  vascular  system.  It  is  of  interest, 
therefore,  to  know  how  the  nutrient^flow  increases  despite  these  two 
dilutions. 

The  explanation  of  this  phenomenon,  I  believe,  is  to  be  found  in  the 
appUcation  of  Poiseuille's  law  for  the  flow  of  fluids  through  tubes,  in 
conjunction  with  changes  in  the  capacity  of  the  vascular  system  accom- 
panying increased  blood  flow.  By  experiments  upon  the  flow  of  dis- 
tilled water  in  capillary  tubes  0.15  to  0.65  mm.  in  diameter  Poiseuille 

kR* 
reached  the  conclusions  represented  in  the  formula  A  =   'y  H.  A, 

volume  outflow  per  second,  R  radius  and  L,  length  of  the  tube,  H,  the 
pressure  head,  and  k  the  transpiration  coefficient. 

Assuming  the  length  of  the  peripheral  vessels  directly  determining 
the  volume-flow  to  remain  constant  the  conclusion  in  which  we  are 
particularly  interested  is  that  with  the  same  head  of  pressure  the  time 
spent  in  the  outflow  of  a  certain  volume  of  fluid  through  equally  long 
tubes  is  inversely  proportional  to  the  fourth  power  of  the  diamet^  of 
the  tube.  Assuming  further  that  the  capacity  of  the  vascular  system 
increases  only  through  increased  cahber  of  the  peripheral  vessels  it 
must  follow  that  in  the  increased  volimie-flow  and  the  increased  caliber 
of  the  vessels  occurring  in  the  sharp  ascent  of  the  curve  of  basal-flow 
during  injection,  that  the  volume-flow  increases  directly  as  the  fourth 
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power  of  the  caliber  of  the  vesseb  while  the  volume  of  the  vessels  or 
the  dilution  increases  only  as  the  second  power  of  the  caliber. 

A  careful  application  of  this  relation  has  not  been  made  but  it  is 
obvious  that  in  the  relation  of  the  fourth  to  the  second  power  great 
possibilities  for  improvement  of  nutrient-flow  by  simple  dilution 
exists.  For  workii^  out  these  possibilities,  however,  we  need  infor- 
mation on  the  diluting  effects  of  increased  capacity  of  the  larger  vessels 
produced  by  injection.  The  relative  significance  in  changes  in  the 
arteriole  and  capillary  bed  must  also  be  considered. 

It  will  be  noted  that  the  nutrient-flow  increases  during  the  early 
stages  of  injection  while  the  peripheral  vessels  are  contracting  as  well 
as  in  the  later  periods  where  dilatation  occurs.  The  increased  nutrient- 
flow  may  be  explained  by  bearing  in  mind  the  effects  of  increasing 
head  of  pressure  and  the  observation  of  Pilcher  and  Sollmann  that  at 
the  lower  pressures  small  volume  changes  are  most  effective  in  pro- 
ducing pressure  changes. 

Though  the  experiments  described  represent  only  a  preliminary 
study  on  nutrient-flow  they  suggest  some  points  of  significance  in 
treatment. 

Note  that  the  experiments  on  hemorrhage  and  tissue  abuse  in  which 
nutrient-flow  was  most  improved  are  those  in  which  the  injection 
curve  of  flow  more  nearly  approximates  the  first  curve.  In  thesf> 
instances  the  decreased  flow  preceding  injection  has  had  relatively 
little  effect  upon  the  vasomotor  center  and  on  the  elastic  properties  of 
the  blood  vessels.  Note  also  that  little  eSfect  on  nutrient-flow  is 
obtained  until  a  relatively  high  pressure  is  reached  when  a  sudden 
increase  occurs;  emphasizing  the  importance  of  not  only  attaining  a 
high  pressure  but  of  increasing  the  blood  volume  still  more  to  over- 
come the  vasoconstriction. 

If  the  decreased  flow  is  prolonged  and  has  resulted  in  greater  changes 
in  the  vessels  and  in  the  vasomotor  center  as  suggested  in  experiment 
48,  the  relation  of  volume-flow  to  increased  blood  volume  is  much  leas 
favorable  for  successful  treatment.  The  normal  response  of  volume- 
flow  to  injection  is  missing,  the  amount  of  dilution  approaches  more 
nearly  the  increased  volume-flow  of  blood  and  the  result  is  a  relatively 
smaller  improvement  in  the  nutrient-flow. 

The  more  rapid  increase  in  volume-flow  with  an  elevation  of  pres- 
sure at  the  lower  levels  indicates  a  failure  of  the  peripheral  vessels  to 
contract  and  may  represent  a  general  failure  of  the  vascular  system 
which  requires  for  a  given  increase  in  volume-flow  a  greater  dilution 
of  the  circulating  blood,  thereby  counteracting  the  beneficial  effects  of 
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dilatation  previouBly  outlined.  We  are  reminded  here  of  the  failure 
of  the  veno-preaaor  mechanism,  (45),  (46),  but  here,  too,  the  relative 
effects  of  chaises  in  the  arterioles  and  capillaries  must  be  taken  into 
account. 

Note  that  in  the  better  reactions  the  curve  of  nutrient-flow  parallels 
more  closely  the  curve  of  volume-flow. 

Between  observations  N  and  0  in  experiment  48,  the  mean  blood 
pressure  increased  6  mm.  Hg.,  the  volume-flow  increased  from  76  to 
86;  the  nutrient-flow,  however,  decreased  from  36.5  to  35.5.  With 
further  injection  blood  pressure  measurements  undoubtedly  would 
have  pointed  to  an  improved  circulation  though  damage  was  possibly 
occurring.  The  observations  point  to  a  limitation  of  the  beneficial 
effects  of  acacia  injection. 

The  condition  of  lowered  blood  pressure  is  a  critical  one  and  calls 
for  radical  treatment.  The  blood  volume  should  be  increased  by 
transfusion  of  blood  or  blood  substitutes.  Gum  acacia  theoretically 
should  and  practically  does  give  beneficial  effects.  As  Bayliss  (47) 
showed,  it  has  many  of  the  desirable  properties  of  blood  and  is  inert 
and  "perfectly  innocuous."  Even  after  large  injections  of  concen- 
trated suspensions  Meek  and  Gasser  (48)  and  Gasser,  Meek  and  Er- 
langer  (49)  find  no  harmful  effects  in  normal  animals.  If  that  is  true 
methods  should  be  available  for  pushing  the  treatment  to  the  limit  of 
its  beneficial  effects  especially  when  blood  is  not  available. 

It  should  be  borne  in  mind  in  pushing  the  injection  that  in  addition 
to  the  over-dilution  there  is  the  danger  of  transudation  alimented  by 
elevated  pressure.  Herein  lies  the  great  difficulty  of  treatment  in 
serious  cases  of  shock  and  of  hemorrhage  going  into  shock,  where 
transudation  is  free. 

DISCUSSION 

Nature  of  shock.  The  preceding  data  show  the  reactions  common 
to  hemorrhage  and  tissue-abuse, — the  initial  rise  of  pressure,  the 
marked  vasoconstriction,  the  relation  of  volume-flow  of  blood  to  blood- 
pressure,  the  disproportionate  decrease  in  volmne-flow  to  decrease  in 
blood  volume,  the  decrease  in  alkaline  reserve,  the  normal  response  of 
the  vasomotor  and  respiratory  centers  and  the  response  of  volume- 
flow  to  rise  of  pressure  with  acacia  injection.  In  addition  we  may  have 
dehydration  of  certain  tissues,  the  symptoms  of  thirst,  an  increased 
peripheral  red  count,  etc.,  in  both  hemorrhage  and  shock.  (The  , 
similarity  of  the  two  conditions  in  connection  with  the  increased  sugar 
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and  adrenin  content  of  the  blood  has  been  more  recently  brou^t  into 
question  by  Stewart), 

There  are,  however,  some  conspicuous  points  of  difference.  In 
hemorrhage  the  accessory  initiating  factors  doing  tissue  damf^  and 
producing  additional  nutritional  disturbances  may  be  lately  wanting. 
The  condition  is  primarily  a  general  disturbance  resulting  from  a 
decreased  blood  volume  and  volume-flow  accompanied  by  a  dilution  of 
blood  which  is  a  response  of  normal  tissue.  The  condition  of  shock, 
however,  may  begin  as  a  local  or  general  disturbance  permitting  con- 
centration of  the  blood  from  transudation  and  resulting  in  a  decreased 
blood  volume  and  volume-flow.  In  hemorrhage  the  ability  to  recover 
lost  blood  volume  is  little  affected.  In  the  early  stages  of  shock  this 
may  likewise  be  the  case  aa  was  shown  by  Cobbett  and  Roy  (50)  and 
by  Vale  (51).  Though  the  intestinefi  may  increaw  in  volume  from 
transudation  during  exposure  the  percentage  of  corpuscles  remains 
constant.  The  loss  of  plasma  to  the  intestines  shown  by  the  decreased 
specific  gravity  of  the  intestines  is  made  good  by  the  fluids  from  other 
tissues  as  is  indicated  by  the  increased  specific  gravity  of  the  muscle. 
The  accessions  of  fluid  from  the  more  normal  tissues,  however,  soon 
fail  to  keep  pace  with  the  fluid  lost  and  concentration  occurs.  Con- 
centration of  the  blood  in  accordance  with  these  findings  represents  a 
local  rather  than  a  general  condition  and  may  over-emphasize  the 
difference  between  hemorrhage  and  shock;  yet  Vale  who  confirms  the 
results  of  Cobbett  occasionally  finds  that  the  decreased  specific  gravity 
may  occur  under  special  circumstances  in  all  the  tissues.  Gasser  and 
Erlanger  conclude  from  a  study  of  blood  colloids  that  in  aortic  shock 
dilution  of  the  blood  may  occur  in  some  parts  of-  the  body  while  con- 
centration from  transudation  occurs  in  other  parts.  It  would  seem 
that  the  extent  to  which  concentration  is  due  to  a  local  or  general  con- 
dition varies  considerably  and  may  be  a  matter  of  significance  both 
concerning  the  nature  and  treatment  of  shock.  One  is  reminded  again 
of  experiment  100  in  which  the  local  inflicted  injury  was  insufficient  to 
account  for  concentration  from  local  transudation. 

The  greater  severity  of  shock  may  be  attributed  first  to  the  fact 
that  shock  is  a  result  of  tissue  damage  while  in  hemorrhage  tissue 
damage  may  occur  only  from  prolonged  anemia.  In  shock  the  deteri- 
orated tissue  withstands  more  poorly  a  reduction  in  volume-flow  than 
does  the  more  normal  tissue  in  hemorrhage.  In  hemorrhage  the 
volume-flow  of  blood  is  improved  by  dilution  of  the  blood;  in  shock 
the  organism,  on  account  of  increased  permeability,  cannot  take  ad- 
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vantage  of  the  favorable  relation  of  blood  volume  to  volume-flow. 
While  in  hemorrhage  a  limit  is  set  to  the  transfer  of  fluids  from  the 
tissues  to  the  blood  by  the  beneficial  effects  derived-  therefrom,  no 
limit  is  set  in  shock  and  the  drain  and  transfer  of  fluid  continues 
until  the  mechanism  breaks  down. 

It  may  be  that  in  prolonged  hemorrhage,  however,  these  points  of 
difference  disappear,  the  tissues  suffer  damage,  the  maintenance  of 
blood  volume  is  affected  and  the  two  conditions  merge.  In  that  case, 
disregarding  other  effects  of  tissue-abuse,  the  difference  between 
hemorrhage  and  shock  is  one  more  of  sequence  of  processes  than  of 
nature  of  processes. 

There  is  considerable  difficulty  in  bringing  into  proper  relation  the 
effects  of  injury  and  hemorrhage  in  conditions  of  lowered  blood  pres- 
sure, particularly  at  the  front  where  the  two  aeldom  occur  alone,  but 
together  in  varying. proportions.  Surgeons  recognize  hemorrhage  to 
be  the  most  serious  shock-producing  factor;  yet  attempts  are  made  to 
determine  the  relative  importance  of  shock  and  of  hemorrhage.  One 
Ends  this  statement  for  example,  "It  seems  reasonable  to  conclude 
that  the  cause  of  death,  while  in  part  hemorrhage,  was  largely  shock; 
The  total  amount  of  blood  lost  did  not  in  itself  appear  to  be  sufficient 
to  cause  death."  While  a  partial  differentiation  may  be  made  in 
some  cases  yet  if  the  factor  of  disturbed  circulation  is  of  importance, ' 
difficulties  will  be  met  for  it  may  be  a  matter  of  indifference  to  the  tis- 
sues in  general  whether  the  volume-flow  is  diminished  as  a  result  of 
external  hemorrhage  or  of  internal  hemorrhage  and  transudation. 
Recall,  e.g.,  experiment  100  cited  on  page  478, 

The  relative  dangers  of  hemorrhage  or  any  other  form  of  tissue- 
abuse  vary  with  the  condition  of  the  individual.  Looking  at  shock  in 
its  broadest  way  [from  the  observations  of  Fraser  and  Cowell  (52)  it 
would  seem  that  shock  begins  when  the  individual  moves  from  the 
resting  quarters  to  the  fighting  area  where  the  strain  ia  intense.  This 
is  borne  out  by  the  findings  of  Robertson  (53)  on  the  effects  of  bleed- 
ing on  the  donor.  "Even  a  slightly  wounded  man  straight  from  the 
trenches  withstands  the  loss  of  blood  poorly  compared  with  a  man 
(convalescing  in  the  rear)  with  a  sprained  ankle  due,  I  believe,  to  the 
shock  of  battle." 

When  we  bear  in  mind  the  concentration  of  the  blood  and  the  deteri- 
orated condition  of  the  tissues  resulting  from  exertion,  the  inflicted 
injury,  hemorrhage  of  varying  degrees,  exposure,  etc.,  the  prevalence 
of  shock  at  the  front  is  comprehensible.     The  more  frequent  occiuv 
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tGDce  of  shock  in  the  routed  than  in  the  victorious  army  is  interesting 
in  this  connection. 

Though.shock  ia  looked  upon  in  this  general  way  it  may  appear  that 
the  factors  of  decreased  blood  volume  and  volume-flow  of  blood  have 
been  over-emphasized.  It  is  realised  that  various  forms  of  tissue- 
Bbuse  cannot  help  but  have  disturbing  effects  upon  tissue  nutrition 
For  without  these  effects  an  increased  permeability,  transudation  and 
decreased  volume-flow  could  never  result.  And  it  might  be  stated 
here  that  the  observations  on  the  importance  of  pain  as  a  shock-pro- 
ducing factor,  the  central  influence  over  processes  in  the  periphery, 
the  liberation  of  toxins  in  the  injured  part,  etc.,  have  not  been  dis- 
regarded. In  limiting  the  work  to  volume  and  nutrient-flow  I  do  not 
feel  that  the  point  of  view  of  shock  has  been  narrowed  for  all  the  nor- 
mal processes  of  nutrition  are  dependent  upon  an  adequate  volume- 
flow  of  blood.  That  various  forms  of  tissue-abuse  and  tissue  deter- 
ioration are  best  combatted  by  a  free  circulation  appears  well  supported 
by  the  universal  recognition  by  surgeons  of  the  danger  of  hemorrhage. 

Shock  ia,  therefore,  looked  upon  as  a  general  deterioration  of  the 
tissues  resulting  from  tissue-abuse.  The  misleading  nature  of  the 
term  shock  as  originally  used  is  well  recognized  and  is  due  to  the  em- 
phasis on  a  disturbance  of  a  single  system  in  the  organism  (54).  The 
picture  of  secondary  shock,  however,  is  a  general  one  of  disturbed  cir- 
culation and  nutrition  arising  from  many  causes  more  limited  and 
local  in  some  cases  than  in  others.  Since  in  every  case  the  initial 
disturbance  is  tissue-abuse  of  some  form  leading  to  a  general  slowing 
of  the  circulation,  the  term  traumatic-kypodromia  appears  general 
enough  to  meet  all  conditions  and  specific  enough  to  be  of  some  descrip- 
tive value.  Since  shock  cannot  be  defined  by  blood  pressure  levels  it 
has  the  advant^e  of  applying  to  all  stages  of  shock  whether  the  pres- 
sure be  normal,  above  or  below  normal. 

TreatmerU.  It  is  probable  that  the  processes  set  up  by  manipulation 
of  the  intestines,  by  crushing  of  muscle,  extensive  bums  and  inter- 
ference witl\  the  blood  supply,  etc.,  will  present  differences  and  yet 
«ertain  essentials  such  aa  decrease  in  blood  volume  with  its  effects  on 
volume-flow  will  be  common  to  all.  There  will  then  be  at  least  one 
common  treatment,  the  proper  increase  of  blood  volume. 

By  a  proper  increase  in  blood-volume  is  meant  one  which  will  a, 
combat  increased  permeabihty;  6,  insure  a  supply  of  fluid  to  the  dehy- 
drated tissues;  c,  elicit  an  increased  volume-flow  to  overcome  the 
stasis  and  d,  improve  the  nutrient-flow  to  overcome  the  nutritional 
disturbance. 
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a.  The  permeability  may  be  combatted  indirectly  by  improved 
nutritioD  of  the  tissues  and  directly  by  proper  attention  to  the  physical 
and  ch^nical  properties  of  the  injected  fluid.  This  is  a  problem  in 
itself  and  was  not  made  a  point  of  special  study. 

b.  In  many  cases  of  shock,  particularly  where  there  is  a  marked 
local  transudation,  dehydration  of  tissues  may  be  even  more  pro- 
nounced than  in  hemorrhage.  In  hemorrhage  all  the  fluid  must  be 
supplied  from  the  exterior.  In  shock  without  hemorrhage  a  redis- 
tribution of  the  fluid  by  the  intravenous  injection  of  hypertonic  solu- 
tions producing  ini^nal  transfusion  is  a  possibility.  The  other  method 
consists  in  supplying  fluid  which  will  saturate  all  the  tissues  leaving 
the  locally  damaged  tissue  over-^ydrated.  The  choice  of  method  of 
increasing  blood  volume  and  supplying  tissue  fluid  would  seem  to 
depend  on  the  relative  dangers  of  dehydration  and  over-hydration,  on 
the  relative  importance  of  local  and  general  transudation  (55),  (56), 
(57).  (58). 

c  and  d.  In  this  research  only  the  effects  of  external  transfusion 
are  dealt  with  in  their  relation  to  volume-  and  nutrient-flow.  It 
might  be  noted  that  insofar  as  internal  transfusion  produces  a  dilution 
of  the  red  cells  and  of  the  blood  colloids  the  effects  which  it  produces 
on  the  nutrient  flow  as  regards  some  constituents,  at  least,  are  com- 
parable to  the  effects  of  inert  injection.  But  the  suggestion  of  Er- 
langer  and  Gasser  that  hypertonic  injection  attracts  a  well  balanced 
salt  solution  into  the  circulation  should  be  noted. 

The  results  on  nutrient-  and  volume-flow  obtained  in  this  research 
were  discussed  before.  Here  we  are  interested  in  their  application. 
The  nutrient-flow  is  probably  most  improved  by  transfusion  of  whole 
blood,  but  it  may  likewise  be  increased  several  hundred  per  cent  by 
injection  of  inert  solution.  The  question,  therefore,  arises  which  of 
the  methods  of  external  transfusion  should  be  used  to  combat  condi- 
tions of  lowered  blood  pressure. 

The  answer  to  this  question  depends  largely  upon  the  severity  of 
the  case,  upon  whether  a  nutrient-flow  below  normal  will  suf&ce,  and 
on  the  relative  importance  of  various  nutrients  and  their  minimum 
concentration  compatible  with  normal  nutrition. 

The  disturbances  of  oxidation  noted  point  to  the  prime  importance 
of  oxygen,  yet  a  lack  of  other  nutrients  might  also  lead  to  acid  products 
of  incomplete  oxidation.  The  experiments  of  Abel,  Rowntree  and 
Turner  (59)  in  which  repeated  hemorrhage  was  produced,  returning 
only  the  corpuscles  suspended  in  Locke's  solution,  show  that  relatively 
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little  plasma  is  essential  to  life.  The  equally  good  results  of  trans* 
fusing  red  cells  and'  whole  blood  in  man  also  point  to  the  red  cells  as 
the  important  factor  (60).  Rous  and  Wilson  (61),  on  the  other  hand, 
substituting  horse  plasma  for  whole  blood  in  the  rabbit,  show  the  very 
small  amount  of  hemoglobin  alraolutely  essential  to  hfe.  Mann  (62) 
obtains  best  results  in  the  treatment  of  shock  with  the  transfusion  of 

In  rabbits  reductions  of  hemoglobin  to  20  per  cent  are  survived. 
Much  lower  figures  in  man  are  on  record.  At  the  front  experience 
calla  for  transfusion  of  blood  when  the  hemoglobin  has  fallen  to  20  or 
30  per  cent,  30  or  40  per  cent  is  still  grave  but  percentages  above  40  per 
cent  are  no  longer  serious  (63),  agreeing  with  the  results  of  Bayliss  (64) 
who  finds  a  loss  of  blood  of  50  per  cent  to  be  combatted  with  acacia, 
more  serious  hemorrhages  requiring  transfusion  of  blood 

At  the  Fourth  Inter-Allied  Surgical  Conference,  March  11  to  16, 
1918,  transfusion  of  blood  was  recommended  as  the  method  of  choice 
in  the  treatment  of  hemorrhage.  In  view  of  the  improvement  and  the 
safety  of  transfusion  of  blood  and  the  fact  that  whole  blood  increases 
the  nutrient-flow  to  a  maximum,  critical  cases  at  least  call  for  suclk 
treatment  but  it  seems  that  injection  of  acacia  has  a  definite  place  in 
the  treatment  of  less  serious  conditions.  Such  injections  undoubtedly 
would  be  of  great  benefit  in  cases  with  high  pressure  and  moderate 
hemorrhage.^hemorrhage,  however,  which  along  with  other  forms  of 
tissue-abuse,  is  sufficient  to  initiate  the  condition  of  shock.  Adminis- 
tration of  such  preventive  or  rather  early  treatment  requires  the  early 
recognition  of  circulatory  disturbances.  If  acacia  treatment  is  pushed 
to  the  limit  in  serious  cases  where  blood  in  unavailable  special  pre- 
cautions would  also  be  required  to  avoid  over-injection. 

As  regards  shock  the  Inter-Allied  Conference  felt  that  indications 
for  transfusion  of  blood  were  not  as  well  defined  as  in  hemorrhage. 
In  hemorrhage,  if  the  tissues  are  sound,  tissue  damage  and  loss  of 
maintenance  of  blood  volume  result  only  after  prolonged  decreased 
fiow  and  therefore  if  the  condition  is  combatted  early  good  results  are 
to  be  expected.  In  shock  the  processes  may  be  reversed,  the  decreased 
flow  coming  on  as  a  result  of  tissue  damage.  The  dangers  are  less 
apparent  and  probably  more  serious.  Though  robust  individuals  may 
be  more  susceptible  to  the  development  of  shock,  (Cobbett  and  Er- 
langer  and  Gasser)  the  severity  of  many  cases  is  probably  due  to  the 
reduction  of  the  factor  of  safety  to  the  minimum  when  the  disturbance 
is  treated.     That  the  factor  of  safety  is  variable  even  in  apparently 
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healthy  individuals  is  indicated  in  figures  3  and  4.  Note  for  example 
the  relatively  great  resistance  displayed  by  dogs  87  and  103.  Though 
the  volume-flow  of  blood  is  markedly  reduced  the  oxidations  as  indi- 
cated by  the  horizontal  curve  of  COj  content  are  little  affected.  When 
the  factor  of  safety  is  consumed,  however,  the  break  is  sudden  and 
serious  as  indicated  by  the  deflection  of  the  respiratory  and  COj  gra- 
dients. The  shght  resistance  of  dogs  85  and  102  is  indicated  by  the 
prompt  deflection  of  the  gradients  at  the  outset  of  the  experiments. 

The  earher  stages  and  the  less  serious  cases  of  shock  should  show  a 
more  uniform  response  and  might  well  be  treated  with  various  forms 
of  gum  acacia  injection  so  aa  to  restore  the  original  volume  of  blood. 
If  no  hemorrhage  occurred,  but  rather  concentration  of  the  blood,  the 
corpuscular  element,  provided  stasis  is  not  marked,  might  not  suffer 
dilution  below  the  normal.  This  may  also  hold  to  some  extent  for  the 
blood  colloids  for  Gasser  and  Erlanger,  and  Lazanjs-Barlow  found  the 
concentration  of  these  colloids  to  increase  with  transudation.  There- 
fore, after  removing  the  initiating  factors  of  shock  the  increased  volume 
and  nutrient-flow  may  in  themselves  lead  to  recovery  by  improving 
nutrition  and  checking  further  transudation  directly  and  indirectly. 

But  shock  with  hemorrhage  and  serious  cases  of  shock  in  which 
the  capacity  of  the  vascular  system  has  increased  might  respond  better 
with  blood  transfusion  or  at  least  a  mixture  of  blood  and  acacia  sus- 
pension. The  dilution  of  blood  from  acacia  injections  requisite  to 
produce  the  normal  volume-flow  would  probably  lower  the  nutrient- 
flow  below  that  compatible  with  recovery.  Whether  the  failures  of 
treatment  of  shock  by  transfusion  of  whole  blood  are  due  to  trans- 
fusions inadequate  to  maintain  increased  volume-flow  for  a  long  enough 
period,  or  to  the  irreversibility  of  vital  processes  should  be  determined 
by  the  employment  of  larger  transfusions. 

The  su^estions  derived  from  this  work  in  regard  to  treatment  are 
a,  The  importance  of  recognizing  the  relative  dangers  of  various 
forms  of  tissue-abuse, — the  initiating  factors;  b,  The  importance  of 
rec(^izing  the  condition  of  shock  in  its  earhest  stages  before  the  mean 
blood  pressure  has  fallen  and  serious  damage  has  been  done;  c,  The 
need  of  developing  methods  of  transfusion  insuring  the  maximum 
nutrient-flow  compatible  with  the  conditions  prevailing;  d,  The  desira- 
bility of  developing  special  methods,  other  than  improved  nutrient 
flow,  to  combat  the  permeability  of  the  peripheral  vessels. 

(Among  the  initiating  factors  should  be  included  the  factors  which 
come  into  play  before  as  well  as  during  and  after  the  operation,  for  ex- 
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womfort,  hunger,  thirst  and  dehydration  of  the  tissues  from 
bailed  in  the  not  uncommon  preparation  of  the  individual  for 
The  dangers  of  preoperative  dehydration  has  been  rect^- 
Cobbett,  and  Lazarus-Barlow  has  shown  that  saturation  of 
es  with  water  tends  to  prevent  concentration  of  the  blood, 
mous  effects  of  a  small  concentration  of  blood  upon  the  vol- 
shown  in  this  paper  indicates  the  advisability  of  preoperative 
1  rather  than  dehydration  of  the  tissues.) 

SUUHART   AND   CONCLUSIONB 

ject  of  this  and  the  preceding  research  is  to  leam  more  nearly 
■e  of  shock,  to  determine  how  closely  normal  cell  nutrition  is 
t  upon  normal  volume-flow  of  blood  and  to  study  the  factors 
ig  volume-flow  bo  that  this  may  be  more  exactly  controlled 
latment  of  conditions  of  lowered  blood  pressure, 
ount  of  the  similarities  of  hemorrhage  and  shock,  the  frequent 
3U8  occurrence  of  these  conditions  and  the  recc^nition  of 
,ge  as  "the  most  potent  shock  producing  factor,"  this  object 
est  attainable  by  a  comparative  study  of  the  two  conditions. 

variety  of  methods  employed  a  close  dependence  of  normal 

upon  normal  flow  of  blood  was  indicated. 

rves  of  basal-flow  of  blood  plotted  against  mean  blood  pres- 

nmilar  in  hemorrhage  and  tissue-abuse.    They  show: 

t  a  reduction  of  volume-flow  amounting  to  85  per  cent  of 

1  flow  may  occur  with  a  constant  head  of  pressure  or  with  a 

nge  in  head  of  pressure — a  rise  as  well  as  a  fall. 

t  this  sudden  decrease  in  volume-flow  may  after  a  time  be  as 

checked;  with  a  further  fall  in  pressure  the  flow  may  for  a 

ain  constant,  decrease  or  even  increase. 

t  the  initial  decrease  in  volume-flow  far  exceeds  that  oceuirii^ 

e  subsequent  fall  in  pressure  to  zero. 

ttilarity  of  the  curves  of  basal-flow  of  blood  in  hemorrhage  and 

ise  suggests  similar  vascular  reactions  of  similar  origin, — a 

eaUber  of  the  vessels  being  the  most  important  factor  under- 
deflection  of  the  curves. 

Base  in  blood  volume  of  less  than  10  per  cent  produced  by 
ge  may  eUcit  through  constriction  of  central  origin  a  de- 
ow  of  blood  through  the  submaxillary  gland  of  more  than  60 
even  though  accompanied  by  a  rise  in  pressure. 
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TiBsue-abuse  produced  by  manipulation  of  the  intestines  may  pro< 
duce  a  diminution  in  volume-flow  equally  as  great,  often  accompanied 
by  a  rise  in  pressure. 

Concentration  of  blood  is  sufficient  to  explain  this  vasoconstriction, 
but  its  effects  are  probably  augmented  by  a  shunting  of  blood  into  a 
directly  abused  area. 

The  dilatation  following  constriction  in  both  hemorrhage  and  tissue- 
abuse  appears  attributable  mainly  to  deterioration  of  the  vasomotor 
center. 

The  superbasal-fiow  of  blood  in  tissue-abuse  as  well  as  in  hemorrhage 
decreases  out  of  all  proportion  to  the  decrease  in  mean  blood  pressure. 

This  decrease  is  attributable  to  the  increased  constrictor  tonus 
which  must  be  inhibited  and  to  the  decreasing  stretching  and  driving 
head  of  pressure  which  takes  advantage  of  the  inhibition. 

The  changes  in  ba^al-  and  super-basal  flow  along  with  the  close 
dependence  of  normal  nutrition  on  normal  flow  of  blood  explain  the 
changes  in  alkaline  reserve  in  hemorrhage  and  in  tissue-abuse. 

The  relation  of  alkaline  reserve  to  volume-flow  of  blood  was  con- 
sidered. 

The  respiratory  exchange  in  experiments  on  acid  injection  and  on 
hemorrhage  when  plotted  f^ainst  carbon  dioxide  capacity  was  repre- 
sented by  a  straight  line.  This  presumably  indicates  a  normal  response 
of  the  respiratory  center  to  decreasing  alkaline  reserve. 

In  tissue-abuse  variations  of  this  response  occurred  and  are  attrib- 
uted at  present  not  to  an  abnormal  reaction  of  the  center  to  chemical 
stimulation,  but  rather  to  a  varying  rdle  played  by  pain  reflexes. 

The  curves  of  basal-flow  of  blood  in  hemorrhage  may  be  duplicated 
in  the  reverse  direction  by  injection  of  gum  acacia  and  then  redupli- 
cated by  a  second  hemorrh^e. 

In  tissue-abuse  the  response  appears  to  be  similar.  After  tissue 
damage  occurs  as  a  result  of  prolongation  of  the  decreased  volume-flow,^ 
the  normal  reaction  of  volume-flow  to  intravenous  injection  disappears. 

By  taking  into  account  the  factor  of  volume-flow  times  concentration 
of  blood,  as  measured  by  the  red  blood  cells,  a  basis  for  treatment  by 
injection  of  inert  solution  may  be  worked  out. 

This  factor  designated  as  nutrient-Jlaw  may  be  increased  several 
hundred  per  cent  by  inert  injection. 

This  increase  can  be  attributed  only  to  the  fact  that  the  volume-flow 
is  increased  out  of  all  proportion  to  the  dilution  of  the  blood  eUciting 
the  increased  flow.     It  is  in  agreement  with  the  observation  that  a 
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decrease  in  volume-flow  is  out  of  proportion  to  the  decrease  in  blood 
volume  eliciting  the  decreased  flow.  It  is  explained  by  an  application 
of  Poiseuille'a  law  of  flow  of  fluids  through  capillary  tubes. 

If  the  effects  of  decreased  flow  are  prolonged  the  capacity  of  the 
vascular  system  increases  to  such  an  extent  that  dilution  by  injection 
now  approximates  more  closely  the  increased  volume-flow,  thereby 
retarding  the  increase  in  nutrient-flow. 

Despite  an  increased  volume-flow  and  an  increased  mean  blood 
pressure,  elicited  by  injection  a  decrease  in  nutrient-flow  may  occur. 

Such  conditions  seem  to  call  for  transfusion  of  blood  or  at  least  a 
mixture  of  blood  and  acacia. 

The  conditions  developing  in  hemorrhage  and  shock  are  shown  to  be 
same  in  many  essentials. 

Hemorrhage  if  left  imtreated  may  mei^  into  the  picture  of  shock. 
There  are,  however,  important  differences  of  which  sequence  rather 
than  nature  of  processes  and  the  disturbed  function  of  maintenance  of 
normal  blood  volume  appear  the  most  signiflcant. 

Since  the  combatting  of  various  forms  of  tissue  abuse  on  the  part 
of  the  animal  depends  to  a  large  extent  upon  an  adequate  volume-flow, 
the  efEects  of  even  a  slight  hemorrhage  illustrate  why  it  is  recognized  as 
the  most  serious  occurrence  for  the  development  of  shock. 

Shock  is  looked  upon  in  a  very  general  way  as  a  combined  circulatory 
and  nutritional  disturbance  mainly  of  peripheral  origin.  The  condi- 
tion is  initiated  by  a  variety  of  forms  of  tissue-abuse  producing  tissue 
damage,  transudation  of  plasma  and  stasis  of  blood.  The  decreased 
blood  volume  eliciting  a  vascular  constriction  reduces  the  flow  of  blood 
to  a  level  below  that  essential  for  normal  nutrition  and  far  below  that 
essential  for  deteriorated  tissues.  The  condition  is  thus  sustained  by 
the  disturbed  nutrition  and  by  the  consequent  inability  on  the  part 
of  the  Miimal  to  recover  the  normal  permeability  of  the  vessels  and 
therefore  restore  the  normal  blood  volume  that  is  so  essential  for  an 
adequate  flow  of  blood. 

Since  the  circulatory  and  nutritional  disturbances  are  so  closely 
interdependent,  one  disturbance  may  become  as  important  as  the  other. 

Of  all  the  numerous  vicious  cycles  the  interdependence  of  volume- 
flow  and  blood  volume  with  its  consequent  effects  on  nutrition  and 
transudation  appears  the  most  serious. 

Whether  the  disturbed  function  of  maintenance  of  blood  volume 
requires  specific  treatment  or  is  amenable  to  treatment  by  improving 
the  volume  and  nutrient-flow  with  the  transfusion  of  blood  or  acacia  as 
employed  in  this  research  was  not  studied. 
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If  improvement  of  the  nutrient -flow  is  an  effective  measure  of  com- 
batting transudation  it  appears  that  similar  principles  of  treatment 
with  certain  modifications  can  bo  applied  to  hemorrhage  and  to  shock. 

The  suggestions  on  treatment  of  shock  derived  from  this  work  are: 

a.  The  necessity  of  recognizing  more  fully  the  major  forms  of  tissue- 
abuse  so  that  shock  may  be  more  frequently  prevented. 

h.  The  need  of  early  detection  and  treatment  of  circulatory  dis- 
turbances before  serious  damage  has  been  done. 

c.  The  need  for  the  development  of  methods  to  guide  in  the  amount 
and  nature  of  transfusion. 

d.  The  desirability  of  directly  as  well  as  indirectly  combatting  the 
increased  permeability  of  the  peripheral  vascular  system. 
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The  disturbance  of  normal  oxidationB  noted  in  conditions  of  lowered 
blood  pressure  may  be  ascribe  in  large  part  to  the  decreased  volume- 
flow  of  blood,  but  the  problem  of  oxidation  is  of  such  importance  that 
it  calls  for  study  from  various  angles.  By  following  the  alkaline  reserve 
we  get  an  indication  of  the  completeness  of  the  oxidati%«  procesees 
and  find  that  with  decreasing  volume-flow  of  blood  there  is  a  progres- 
sively increasing  rate  of  neutralization  of  the  alkaline  reserve.  As  the 
alkaline  reserve  of  the  blood  diminishes,  two  things  may  happen:  an 
increased  hydrogen  ion  concentration  in  the  blood  qr  an  increased 
ventilation  of  the  blood  flowing  through  the  lungs  preventing  this 
concentration. 

It  was  to  study  in  a  quantitative  way  the  reaction  of  the  animal  to 
decreased  alkaline  reserve  accompanying  decreased  volume-flow  of  blood 
in  hemorrhage  and  tissue  abuse  that  this  method  of  recording  respiration 
was  devised. 

Though  a  hirge  Hutchinson  spirometer  may  be  used  to  measure 
either  expired  or  inspired  air  over  relatively  long  periods  of  time  and 
may  frequently  possess  certain  advantages,  it  has  the  disadvantage  of 
lending  itseK  poorly  to  the  graphic  method  of  recording  and  con- 
sequently is  not  well  adapted  to  record  irregularities  and  changes  in 
respiration  which  may  occur  from  time  to  time. 

The  automatically  recording  spirometer  meets  these  disadvantages. 
Its  operation  is  simple  and  it  is,  therefore,  described  (see  fig.l). 

The  device  is  a  modified  Krogh  spirometer,  filled  to  a  constant  level 
with  room  air  during  each  expiration.  This  air,  then  at  the  dieposal 
of  the  animal,  ia  partially  inspired  during  each  succeeding  inspiration. 
The  decrease  in  the  volume  of  the  spirometer  occurring  with  each 


yGoogIc 


SOS  ROBERT   GEfiELL 

inspiration  is  grapbicftlly  recorded  and  by  calibrating  the  instrumeut 
the  amount  of  air  inspired  can  be  determined.  The  device  operates 
automatically  by  means  of  a  system  of  valves,  an  electrical  contact  and 
a  motor. 

In  the  spirometer  used  In  the  present  research  the  float,  1,  has  a 
capacity  of  1000  cc.  This  float  is  pivoted  at  £  and  balanced  by  weight, 
S.  It  is  in  communication  with  the  exterior  by  means  of  valve,  4, 
which  permits  the  passage  of  air  only  from  the  exterior  to  the  interior. 
The  spirometer  also  communicatee  with  the  animal  through  tube, 
4',  the  ether  bottle,  5  and  the  double  respiratory  valve,  6. 


Fig.  1. 

The  double  respiratory  valve  is  the  usual  valve  employed  for  sep- 
arating expired  from  inspired  air.  It  is  so  connected  that  inspired  air 
is  drawn  from  the  spirometer  and  exhaled  again  to  the  exterior. 

The  upper  or  expiratory  valve,  8,  made  of  insulating  material  (mica), 
is  fitted  with  an  electrical  contact  for  activating  the  motor,  7,  which 
flllfl  the  spirometer  with  air.  The  valve  is  kept  in  place  by  means  of  a 
strip  of  tinsel,  9,  soldered  to  the  platinum  plate,  which  serves  as  an 
electrical  connection.  With  each  expiration  the  platinum  plate  is 
blown  against  the  adjustable  platinum  contact,  10,  which  closes  the 
motor  circuit  and  the  spirometer  fills. 
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Much  depends  upon  the  working  of  this  valve.  It  is  therefore 
described  in  some  detail.  In  the  ordinary  reepiratory  valve  the  move- 
ments of  the  expiratory  valve  are  very  imcertain.  If  the  respirations 
are  large,  the  valve  may  be  lifted  bodily  off  its  seat  insuring  a  good 
contact.  Very  often,  however,  the  amount  of  expired  air  is  exceed- 
ingly small  and  the  movements  of  the  valve  proportionately  slight. 
Differences  in  adhesion  are  sufficient  to  make  the  valve  open,  now  :at 
one  point  and  now  at  another.  It  ^as  therefore  desirable  to  devise  a 
valve  which  would  move  freely  and  in  the  same  way,  with  each  expira- 
tion, giving  a  proper  contact  with  the  smaller  expirations,  and  yet 
having  sufficient  capacity  for  the  deepest  respiration.  One  of  the 
methods  which  has  proved  satisfactory  is  described. 

The  valve  is  wei^ted  by  a  piece  of  lead  foil,  11,  about  5  x  10  x  0-5 
mm.  fastened  to  the  upper  surface  with  Horsely's  wax  in  the  position 
shown.  The  placing  of  the  lead  foil  prevents,  momentarily,  the  rising 
of  the  valve  as  a  whole.  The  lighter  inner  side  rises  to  the  contact, 
the  valve  turning  on  a  hingeles^f^int  made  by  placing  the  center  of 
the  weight  over  the  edge,  IS. 

The  smallest  expiration  Kian  be  mkde  effective  in  dosing  the  motor 
circuit  by  adjusting  contaiij^  10.  The  opening  of  the  valve  on  the 
contact  side  may  with  a  fine  adjustment  be  too  small  to  allow  the  pas- 
sage of  the  expired  air  when  the^^l^irations  are  increased,  but  when 
that  occurs  the  platinum  plate,  blown  up  against  the  contact,  forms  a 
new  pivot  above  and  the  outer  edge  of  the  valve  becomes  the  freely 
moving  part.  It  requires  only  a  small  additional  increment  of  pres- 
sure to  open  this  edge,  the  extent  of  this  opening  varying  with  the 
amplitude  of  respiration.  The  valve,  therefore,  adjusts  itself  automati- 
cally to  changing  magnitudes  of  respiration. 

The  operation  of  the  apparatus  requires  little  attention.  When  the 
electrical  contact  at  10  is  made  durii^  expiration,  the  motor  is  acti- 
vated and  the  float  is  drawn  up  by  cord  and  pulley,  IS  and  14-  During 
inspiration  the  motor  unwinds  with  the  descent  of  the  float.  A  hori- 
*  sontal  base  line,  easily  adjusted  to  any  height  is  obtained  by  checking, 
at  a  constant  point,  the  ascent  of  the  float,  by  means  of  a  cord  attached 
thereto. 

During  expiration  when  the  float  is  raised  the  animal  ia  protected  by 
valve  6  against  any  negative  pressure  which  may  develop.  Since 
this  valve  closes,  room  air  only  enters  the  spirometer  throt^  valve 
4-  During  inspiration  valve  8  closes.  The  only  air  accessible  to 
the  animal  is  that  contained  in    the   apu-ometer, — this    air   passing 
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throt^^  valve  6.  Valves  6  &ad  8  are  light  valves  the  exact  weight  of 
which  is  of  little  importance  for  the  operation  of  the  spirometer.  The 
weight  of  valve  4,  however,  is  of  considerable  importance.  It  must 
be  heavy  enough  so  that  during  a  strong  inspiration  the  float  is 
drawn  downward  without  the  entrance  of  air  through  valve  4  ^^^d  it 
must  be  light  enough  and  large  enough  not  to  offer  undue  resistance  to 
the  entrance  of  air  when  the  float  is  raised.  The  disadvantages  of 
much  resistance  to  the  entrance  of  air  are  evident.  It  requires  the 
employment  of  strong  forces,  the  consumption  of  considerable  elec- 
trical energy  with  the  production  of  fling  and  vibration.  By  grading 
the  area  and  thickness  of  the  aluminum  valve,  4,  and  employing  a 
minimum  current  in  the  motor  these  difficulties  are  met. 

A  record  of  respiration  obtained  with  this  device  on  the  dog  is  shown 
in  figure  2. 
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INTHODUCTION 

The  effect  of  the  osmotic  pressure  of  a  solution  on  the  excitability  of 
a  nerve,  which  is  immersed  in  it,  is  an  important  part  of  the  general 
physiology  of  osmosis.  There  are  two  hypotheses  in  regard  to  it. 
The  one  is  that  a  hypertonic  solution,  which  brings  on  a  decrease  of 
water  in  the  nerve,  causes  an  increase  of  its  excitability,  while  a  hypo* 
tonic  solution,  which  brings  on  an  increase  of  water  in  it,  causes  a 
decrease  of  its  excitability.  The  other  hypothesis  states  just  the 
opposite,  namely,  that  a  hypertonic  solution  causes  a  decrease,  while  a 
hypotonic  solution  causes  an  increase  of  excitability  of  the  nerve. 

Eckhard  (1),  Kolliker  (2),  Birkner  (3),  Schiff  (4)  and  Harless  (5) 
observed  that  drying  a  motor  nerve  or  withdrawing  its  water  by  means 
of  a  concentrated  solution  of  neutral  salts,  urea  or  sugar,  etc.,  causes 
an  irr^ular  excitation  with  clonic  contractions  or  tetanus  of  the 
attached  muscle,  though  both  excitability  and  conductivity  of  the 
nerve  disappeared  after  a  certain  period  of  time.  This  was  confirmed 
by  many  workers.  Birkner  and  Harless  also  stated  that  drying  a 
nerve  increased  its  excitability  before  the  appearance  of  the  clonic  con- 
tractions. The  latter  entertained  an  opinion  that  the  drying  did  not 
act  as  a  direct  stimulus  to  the  nerve,  but  it  caused  an  increased  excita- 
bility shown  by  a  muscular  response  to  a  stimulus  lower  than  the 
threshold  value,  which  stimulus,  when  applied  to  a  normal  nerve,  gave 
no  response  at  all.  This  hypothesis  was  experimentally  proved  by 
Ssubotin  (6),  Mandelstamm  (7)  and  Buchner  (8),  while  Limboui^  (9) 
rather  supported  the  view  of  Schiff,  who  maintained  that  the  with- 
drawal of  water  itself  acted  upon  the  nerve  as  a  direct  stimulus.  On 
the  other  hand  Kolliker,  Birkner,  Ranke  (10)  and  H&rtl  (11)  proved 
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that  a  gradual  decrease  of  excitability  of  the  nerve  took  place  at  the 
time  when  it  was  immersed  in  water  or  dilute  NaCl  solution.  Ranke 
recc^piized  a  temporary  increase  of  excitability  in  the  first  stage  of  the 
process.  Ishikawa  (12)  made  many  experiments  and  proved  that  the 
hypotonic  solution  decreased  the  excitability  represented  by  the  thresh- 
old strength  of  electrical  stimulus,  and  that  the  hypertonic  solution 
increased  it,  though  it  gradually  decreased  after  the  solution  acted  for 
a  long  time. 

Durig  (13)  noted,  on  the  contrary,  a  prolongation  of  latent  period 
and  a  diminution  of  the  propagation  velocity  of  excitation  in  the  nerve 
of  a  frog  which  had  been  kept  in  dried  air  so  as  to  diminish  the  quantity 
of  water*  in  its  body.  Afterwards  Urano  (14)  expressed  the  opinion, 
based  upon  his  own  experiments,  that  the  excitability  was  increased 
by  a  hypotonic  solution,  while  it  was  decreased  by  a  hypertonic  solu- 
tion.   This  was  supported  by  Renauld  (15). 

Nevertheless  lAUgier  (16)  measured  the  threshold  strength  of  con- 
denser discharge,  applied  as  a  stimulus  to  a  nerve  which  was  immersed 
in  a  hypotonic  or  hypertonic  solution,  and  found  that  the  value  of  b  of 

Hoorweg's    formula,    V  =  ^  +  bR,  increased,  and  the  value  of  a/b 

decreased  in  both  cases. 

The  above  is  an  outline  of  the  work  hitherto  done  on  the  effect  of 
osmotic  pressure  on  the  nerve. 

It  ia  interesting  to  determine  which  of  these  hypotheses  is  correct. 
The  first  step  to  be  taken  is  to  examine  the  methods  and  results  of  the 
experiments  which  led  to  these  antagonistic  hypotheses. 

Harless,  who  is  known  as  the  originator  of  the  first  hypothesis,  made 
his  assumptions  without  experimental  proof.  As  far  ■  as  is  known, 
however,  Ssubotin  was  the  first  who  tested  this  hypothesis  experi- 
mentally. He  immersed  the  nerve-trunks  of  nerve-muscle  prepara- 
tions in  concentrated  solutions  of  NaCl,  NaNOj,  glycerol,  urea  and 
sugar,  and  found  that,  before  the  appearance  of  the  clonic  muscular 
contractions,  the  excitability  was  increased,  which  was  represented  by 
the  threshold  strength  of  electrical  stimulus.  Buchner  also  measured 
the  threshold  strength  of  electrical  stimulus  to  estimate  the  excita- 
bility of  a  nerve  immersed  in  saturated  solutions  of  NaCl  and  urea. 
Hartl  did  the  same,  immersing  the  nerve  in  water.  Ishikawa  meas- 
ured the  effects  of  various  hypotonic  and  hypertonic  solutions,  each 
containing  the  same  quantity  of  NaCl  but  differing  in  the  content  of 
sugar,  on  the  excitability  of  the  nerve  represented  by  the  threshold 
strength  of  single  induction  shock. 
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rpotheais  ia  based  on  the  experiments  of  Urano  and 
}  immersed  a  nerve  in  solutions  half  as  concentrated, 
icentrated  as  the  normal  Ringer'a  solution  alternately, 
he  threshold  stimulus  of  a  break,  constant  current, 
shock  and  the  threshold  of  mechanical  stimulus, 
ed  the  discharge  of  a  condenser  as  stimulus,  but 
/hod  of  an  artificial  circulation  to  the  hind  legs  of  the 
it  the  effects  of  hypotonic  and  hypertonic  solutions. 
is  experiments,  however,  necessarily  were  complicated 
t  the  solutions  on  the  neuromuscular  junctions  and 

le  above  experiments  can  be  taken  as  representatives 
^nistic  hypotheses, — the  experiment  of  Ishikawa  for 
t  of  Urano  for  the  second. 

work,  a  series  of  these  two  experiments  was  repeated 
Then  the  method  of  estimating  the  excitability  of  the 
ined  and  it  was  found  that  the  threshold  strength  of 
IS  could  not  represent  the  excitabiUty  of  a  nerve  in 

effects  of  hypotonic  and  hypertonic  solutions  were 
neans  of  measuring  the  propagation  velocity  of  exci- 
n  affected  nerve. 

3P  tIRANO'S   AND   ISHIEAWa's   EXPERIMEMTS 

taken  in  the  experiments  of  Urano  and  Ishikawa 
other  in  using  a  nerve-muscle  preparation  of  a  frog  as 
i  also  in  measuring  the  threshold  strength  of  a  break, 
shock,  to  estimate  the  excitabihty  of  the  nerve,  but 
other  in  the  following  two  points, 
as  the  hypotonic  solution  a  Ringer's  solution  made 
the  ordinary  Ringer's  solution,  and  as  the  hypertonic 
r's  solution,  made  twice  as  strong  as  the  ordinary  one. 
er,  in  all  his  solutions,  used  the  same  concentration  of 
sufficient  to  maintain  the  activity  of  the  nerve,  and 
ions  either  hypotonic  or  hypertonic  by  adding  various 
charose  to  them. 

lersed  the  nerve-trunk  in  his  hypotonic  and  hyper- 
Itemately  for  four  hours  at  a  time,  and  measured  its 
le  end  of  each  period.  Ishikawa,  however,  put  a  part 
ik  in  his  specially  prepared  vessel  containing  the  solu- 
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tion,  and  measured  the  changes  of  its  excitability  with  respect  to  time 
during  the  period  of  immersion. 

In  the  present  research,  the  solutions  prepared  according  to  Urano 
and  Ishikawa  were  used  separately,  so  as  to  repeat  their  experiments, 
but  the  tatter's  method  was  preferred  to  the  former's,  for  it  was  then 
possible  to  better  study  the  changes  of  excitability  of  the  nerve  at 
intervals  while  the  solution  was  acting. 

As  the  material  of  the  experiments,  a  sciatic  nerve  of  a  buU-^rog 
(Bufo  vulgaris  variata  japonica)  with  gastrocnemius  muscle  attached 
was  used.  A  part  of  the  nerve  was  put  in  a  vessel  prepared  according 
to  Ishikawa.  This  vessel  is  a  glass  tube  which  has  two  small  holes 
each  on  the  opposite  wall.  The  nerve-trunk  was  put  through  these 
holes  and  the  space  between  the  nerve  and  hole  was  plugged  with  vase- 
line to  prevent  the  solution  from  leakii^  out.  The  solution  was  poured 
into  the  vessel.    The  nerve  was  touched  by  three  pairs  of  platinum 


I  and  p  are  platinum 

electrodes,  which  were  alternately  used.  One  pair  (m  in  fig.  1),  which 
were  in  the  tube,  made  contact  "with  the  nerve  near  the  side  of  the 
vessel  which  was  opposite  the  muscle.  This  electrode  was  used  to 
test  the  excitability  of  the  affected  part  of  the  nerve.  The  other  two 
pairs  were  put  outside  the  tube;  the  one  (c  in  fig.  1)  touching  the  cen- 
tral part  of  the  nerve  and  the  other  (p  in  fig.  1}  touching  the  periph- 
eral part  of  the  nerve.  The  former  was  used  to  test  the  conduc- 
tivity of  the  affected  part  of  the  nerve  while  the  latter  was  used  to 
test  the  indirect  irritability  of  the  attached  muscle.  When  the  muscle 
showed  any  change  in  irritability  as  was  elicited  by  the  last  electrode, 
it  was  thrown  out  of  the  series.  With  respect  to  this  method,  see  also 
Ishikawa's  paper  (12). 

After  the  nerve-muscle  preparation  was  dissected  out  it  was  pre- 
served in  Ringer's  solution  for  one  hour  and  then  put  into  the  vessel  as 
prepared  above.     It  was  then  allowed  to  remain  here  for  two  hours  so 
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as  to  recover  from  any  mechanical  influence  on  ita  excitability.  T'^s 
latter  procedure  waa  advocated  by  Frohlich  (17).  The  experiment  was 
then  commenced. 

The  part  of  the  preparation  outside  the  vessel  was  covered  with 
cotton  soaked  with  Ringer's  solution.  The  cotton  waa  taken  off  at 
the  time  of  each  measurement.  The  whole  apparatus  waa  put  in  a 
moist  chamber. 

When  measuring  the  excitability,  the  solution  was  removed  and  all 
the  drops  of  the  solution  attached  around  the  nerve  and  the  electrodes 
were  wiped  off  with  a  hair-pencil,  so  that  a  short  circuit  might  not 
occur. 

The  stimulating  current  waa  supplied  by  an  induction  coil.  The 
primary  was  connected  in  series  with  an  accumulator,  a  wire-resistance 
and  a  platinum^nercury  key.  The  secondary  coil  was  connected  with 
any,  one  of  the  three  pairs  of  electrodes  of  the  vessel  by  means  of  Pohl's 
commutators.,  without  cross  wires.  A  break  induction  shock  waa 
appli^  to  the  nerve  in  the  descending  direction. 

The  concentrations  of  the  physiological  sahne  and  of  isotonic  dex- 
trose solutions  were  as  follows. 

Ringer's  solution:  0.67  gram  NaCl,  0.02  gram  KCI,  and  0.02  gram 
CaCli  (dried)  in  100  grams  water. 

Physiological  NaCl  solution:  0.70  gram  NaCl  in  100  grams  water. 

Isotonic  dextrose  solution:  4.0  grams  dextrose  (without  water  of 
crystallization)  in  100  grams  water. 

All  these  solutions  depress  the  freezing  point  equally,  i.e.,  A  = 
—  0.4Z4''O.  The  solvent  of  the  solutions  was  water  distilled  through 
a  glass  or  tin  worm. 

Two  kinds  of  hypertonic  solutions  were  used,  namely  Urano's  and 
Ishikawa'a.  The  former  has  n  times  the  concentration  of  saline 
solutes,  as  the  physiological  saline  solution,  and  for  the  sake  of  con- 
venience the  writer  calls  this  "n  X  saline  solution,"  while  the  latter  is 
prepared  by  dissolving  n  —  1  times  as  much  dextrose  as  is  present  in  the 
isotonic  solution  in  the  physiological  NaCl  solution,  which  the  writer 
calls  "Ishikawa's  n  X  solution"  or  "NaCl -|-  (n— 1)  X  dextrose  solu- 
tion." The  osmotic  pressure  of  the  physiological  solution  is  called 
"the  physiological  pressure." 

The  experiments  were  carried  on  in  the  two  succeeding  winters  of 
1914  to  1915  and  1915  to  1916,  in  a  room  without  heat,  so  that  the 
muscle-nerve  preparations  might  keep  their  activity  for  -as  long  a  time 
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as  possible.  It  was  found  that  the  nerve  immersed  in  the  physiological 
NaCl  solution  kept  its  excitability  unchanged  for  fifty  hours  at  8  to 
ICC,  and  for  more  than  twenty  hours  when  at  14  to  IS^C,  and  for  a 
longer  time  when  the  nerve  was  inomersed  in  Ringer's  solution.  The 
experiments  for  this  paper  then  were  never  continued  longer  than  this 
time  at  the  temperature  noted. 

The  results  of  tbe  experiments  show  the  following  facts.  The  2  X 
NaCI  and  2  X  Ringer's  solution  gradually  decreased  the  threshold 
strength  of  the  electrical  stimulus,  agreeing  here  with  Urano's  experi- 
ments, while  the  1.3  X  and  1.5  X  NaCI  solution  caused  a  slight  and 
irregular  change  of  the  threshold  strength.  Experiments  1  and  2,  out 
of  seven  observations  made,  will  serve  as  examples. 

Eipert?n«ni  1,     Effect  of  t  X  Ringer's  solution.     Temperature  8.8  to  tO.e'C. 
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On  the  other  hand,  Ishikawa's  2  X  and  3  X  solutions  {NaCI  +  1  X 
dextrose   and   NaCI  +  2  X  dextrose  solution)   surely  increased   the 

threshold  strength,  but  after  several  hours  gradually  decreased  it,  both 
results  agreeing  with  those  of  Ishlkawa.  Six  observations  were  made, 
one  of  which  is  shown  in  experiment  3. 
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Experimenl  >.    Effect  of  l.S  X  NaCl  tolution.    Temperature  B.i  to  7.8°C. 
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Experiment  S.    Egeet  of  NaCl  +  I  X  dextroM  soluiton.    TempeTature  6.0  to  8.2°C. 
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As  the  hypotonic  solution  both  Urano  and  lahikawa  used  diluted 
saline  solutions,  but  obtained  quite  different  results.  The  result  of 
the  writer's  own  observations,  however,  differed  somewhat  from  both 
these  observers.  The  J  NaCl  solution  showed  no  remarkable  change 
of  the  threshold  stren^h  of  electrical  stimulus.  The  j  saline  solution 
in  most  cases  showed  an  increase  of  the  threshold  strength  at  first  and 
then  a  decrease  of  it;  while  in  some  cases  a  decrease  was  observed  from 
the  beginning;  again  in  another  case,  no  remarkable  change  was  appar- 
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ent  at  all.  The  I  NaCl  solution  increased  the  threshold  value  at  first 
for  a  short  period  and  then  decreased  it  remarkably.  Examples  of 
these  cases  are  to  be  found  in  the  following  experiments  4  and  5,  taken 
from  a  series  of  eight  observations. 

Experiment  i.    Effect  of  i  NaCl  sotiUion.     Temperatwe  e.8  to  S.O°C. 
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But  it  is  possible  that  the  effects  of  the  diluted  saline  solutious  men- 
tioned above  are  due  to  the  inequality  of  ionic  concentration.  To 
avoid  this,  the  nerve-trank  was  immersed,  in  the  followii^  eicperi- 
ments,  at  first  in  an  isotonic  i  saline  +  }  dextrose  solution  for  3  to  10 
hours,  until  an  equilibrium  of  ionic  concentration  was  obtained,  and 
then  it  was  immersed  in  a  ^  saline  solution  to  allow  a  lower  osmotic 
pressure  to  affect  the  nerve,  independently  of  the  inequality  of  ionic 
concentration.  These  experiments  show  that  there  is  almost  no 
change  of  threshold  strength  of  electrical  stimulus  in  the  isotonic  solu- 
tion, but  a  gradual  decrease  of  it  is  seen  in  the  ^  saline  solution.  In 
the  case  of  an  isotonic  \  saline  +  }  dextrose  solution  being  applied  at 
first  to  the  nerve  and  then  }  saline  solution,  almoet  the  same  result  is 
obtained  as  above  except  an  initial  increase  of  the  threshold  strength 
caused  by  the  isotonic  solution.  Experiment  6  is  quoted  here  out  of 
seven  observations  made. 

Exptrimenl  8.     Effect  of  j  NaCl  lolulion.     Temperature  7.0  to  lO.t'C. 
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The  results  stated  above  make  the  writer  skeptical  a^  to  whether  or 
not  the  excitabiUty  of  the  nerve  is  really  represented  by  the  threshold 
strength  of  electrical  stimulus. 
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CAN  THE  EXCITABILITY  OF  THE  NERTE  BE  REPRESENTED  BT  THE 
THRESHOLD   BTRENOTH  OF  ELECTRICAL  STIMULUS? 

It  has  been  the  common  method  to  estimate  the  excitability  of 
nerve  by  measuring  the  threshold  strength  with  electrical  induction 
shocks  applied  as  a  stimulus  to  the  nerve.  The  popularity  of  this 
method  ia  due  chiefly  to  the  readiness  of  its  treatment  and  the  exact- 
ness of  its  results.  But  special  care  must  be  taken  in  adopting  this 
method  whea  measuring  the  effect  of  osmotic  pressure  on  the  nerve. 
The  reason  ia  this: 

Tanemura  (18)  showed  that  the  electrical  resistance  of  a  nerve  im- 
mersed  in  a  hypotonic  or  hypertonic  solution  varied  widely  according 
to  the  increase  or  decrease  of  its  saline  contents,  and  that  such  a  varia- 
tion of  the  electrical  resistance  caused  a  deviation  of  the  thr^hold 
strength  of  electrical  stimulus.  It  was  also  found  by  the  writer  (19) 
that,  in  the  case  of  the  isotonic  sugar  solution,  the  variation  of  elec-' 
trical  resistance  of  the  nerve  made  it  impossible  to  estimate  its  excita- 
bility by  the  threshold  strength  of  electrical  stimulus,  and  that  the 
excitability,  in  such  a  case,  could  be  represented  by  the  threshold 
strei^h  of  mechanical  stimulus  or  the  propagation  velocity  of  excita- 
tion through  the  affected  part  of  the  nerve.  Judging  from  these 
experiments  it  is  quite  certain  that  the  threshold  strength  of  electrical 
stimulus  of  the  nerve,  which  was  acted  on  by  a  hypotonic  or  hyper- 
tonic solution,  implies  an  error  due  to  the  variation  of  electrical  resist- 
ance of  the  nerve.  Therefore  the  threshold  strength  of  electrical 
stimulus  does  not  represent  the  real  excitability  of  the  nerve,  that  is  to 
say,  the  induction  current  which  passes  through  the  nerve  is  deformed 
by  the  variation  of  electrical  resistance  of  the  nerve,  and  accordingly 
the  stimulating  factor  of  the  current  js  changed. 

For  this  reason,  in  studying  the  effect  of  osmotic  pressure  on  the' 
excitabiUty  of  the  nerve,  a  method  for  measuring  the  excitability 
should  be  adopted  which  will  not  be  influenced  by  any  variation  of 
electrical  resistance  of  the  nerve.  In  the  writer's  former  report  (19) 
it  was  stated  that  the  threshold  strength  of  mechanical  stimulus  or  the 
propagation  velocity  of  excitation  gave  exact  results  for  the  excita- 
bility in  the  case  of  the  isotonic  sugar  solution.  In  the  present  re- 
search, however,  it  was  found  that  the  threshold  strength  of  mechan- 
ical stimulus  showed  irregular  variations  in  many  experiments,  though 
the  method  was  just  hke  the  former  one.  This  might  be  due  partly 
to  the  change  of  the  thickness  of  the  nerve  depending  on  the  con- 
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centration  of  the  Bolutiona  in  which  the  nerve  was  immersed.  Con- 
sequently there  is  only  one  method  to  be  used,  that  is,  the  measure- 
ment of  the  propagation  velocity  of  excitation  in  order  to  estimate  the 
excitability  of  the  nerve  affected  by  the  change  of  osmotic  pressure. 

BteASUBEUENT  OF  THE  FBOPAGATION  VELOCITT  OF  EXCETATIDN  THBOUOH 
A  NERVE 

It  is  well  known  that  the  local  excitation  at  a  stimulated  point  and 
the  propagation  wave  of  excitation  which  paBsM  throi^h  this  point 
depend  upon  the  same  physico-cheimcal  reaction  in  the  nra^ous 
element  (20).  That  is  to  say,  the  excitability  and  propf^tion  velocity 
are  two  functions  of  the  same  reaction,  and  they  vary  parallel  with 
each  other  under  changing  conditions.  Hence  it  follows  that  the 
excitabihty  of  a  nerve  at  a  given  point  can  be  estimated  by  measuring 


Fig.  2.  The  arrftngement  of  electrodes  for  recording  the  action  current;  c,  m 
and  p  are  platinum  electrodes.  E  and  E'  are  a  pair  of  non-polarisable  elec- 
trodes, which  lead  off  the  action  current  to  the  galvanometer. 

the  propagation  velocity  of  the  excitation  wave  which  passes  through 
that  point.  This  is  the  only  reliable  method  of  estimating  the  excita- 
bility of  a  nerve  affected  by  osmotic  pressure,  as  has  ah«ady  been 
pointed  out. 

To  measure  the  propagation  velocity,  the  nerve  is  stimulated  at  two 
points,  one  at  the  central  end  and  the  other  at  the  peripheral  end  of 
the  affected  part,  and  the  velocity  is  calculated  from  the  difference 
between  the  latent  periods  of  the  action  current  caused  by  the  same 
stimulus  given  to  each  point.  An  Einthoven's  string  galvanometer  is 
used  to  record  the  action  current.  The  arrangement  of  the  apparatus 
has  already  been  described  in  a  former  report  (19).  Refer  also  to  the 
figure  2  and  the  explanation  of  Egure  3.  A  quartz  string  of  2300  ohm 
resistance  was  used  which  was  drawn  as  tight  as  possible  but  not  tight 
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enough  to  produce  any  Belf-oscillation  The  velocity  thus  calculated 
might  imply  an  error  of  4  to  6  per  cent. 

In  each  of  the  various  experiments,  the  threshold  strength  of  elec- 
trical stimulus  wafi  also  measured,  for  the  sake  of  comparison,  at  the 
same  time  when  the  velocity  was  taken. 

There  is  a  difference  in  the  excitability  of  nerve  in  reference  to  the 
threshold  strength  of  electrical  stimulus  and  the  propagation  velocity 
of  excitation  The  latter  measured  by  the  method  mentioned  above  is 
the  mean  velocity  of  all  fibers  of  a  nerve-trunk,  while  the  former  is 
the  excitability  of  a  few  fibers,  though  theoretically  a  single  fiber  is 
desired-  When  a  nerve-trunk  is  immersed  in  a  solution,  the  outer 
layers  of  the  trunk  are  affected  by  the  solution  more  rapidly  than  the 
inner  layers. 

It  was  seen  that,  when  a  nerve. is  immersed  in  physiological  saline 
solution,  there  is  no  change  in  the  propagation  velocity  for  fifty  to 
sixty  hours  at  8  to  10°C.  and  for  twenty-four  hours  at  15°C.  The 
series  of  experments  here  reported  was  then  made  within  these  limits 
of  time.  The  temperature  was  kept'  as  low  aa  possible,  for  the  higher 
the  temperature,  the  greater  the  velocity  becomes,  and  accordingly 
the  error  of  measurement  increases. 

The  results  of  the  experiments  are  as  follows : 

/.  The  effect  of  hypertonic  solutions.  At  first  Urano's  hypertonic 
solution  was  used.  When  a  nerve  was.immersed  in  a  2  X  NaCl  solu- 
tion, the  propagation  velocity  gradually  decreased  during  the  first 
several  hours  until"  an  equilibrium  was  established.  When  the  hyper- 
tonic solution  was  replaced  by  a  physiological  saline  solution,  the 
velocity  was  gradually  regained.  In  1,5  X  and  1.75  X  NaCl  solution, 
similar  results  were  obtained  with  a  slight  change  of  the  velocity. 
Seven  experiments  were  done  with  the  same  results,  one  of  which  is 
given  in  experiment  7. 

In  a  4  X  NaCl  solution,  the  velocity  decreased  more  rapidly  than  in 
the  former  case  and  the  action  current  became  weaker  and  weaker 
until  it  disappeared  as  the  nerve  fibers  gradually  lost  their  conductivity. 
When  the  solution  was  replaced  by  a  physiological  salt  solutiop,  the 
nerve  recovered  its  conductivity  and  the  velocity  of  propagation  was 
increased.  In  a  6  X  NaCI  solution,  the  velocity  decreased  still  more 
rapidly  and  the  action  current  disappeared  in  a  shorter  time.  In  a 
7  X  NaCi  solution,  the  action  current  disappeared  after  15  minutes. 
In  such- a  short  time  it  was  impossible  to  examine  the  rate  of  decrease 
of  the  propagation  velocity.  By  way  of  example,  an  experiment  with 
4  X  NaCl  solution  is  shown  in  experiment  8. 
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Experimeta  7.     Effect  of  i  X  NaCl  tolulion.     TemperaluTt  7.0  to  9.0'C. 
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In  a  more  concentrated  solution  than  4  X  NaCl,  it  was  found  that 
an  excitation  of  the  nerve  occurs  after  the  nerve  is  immersed  a  certain 
time.  This  is  indicated  by  spontaneous  clonic  contractions  or  a 
tetanus.  This  makes  the  measurement  of  the  threshold  strength  of 
electrical  stimulus  impossible.  When  these  contractions  occur,  the 
galvanometer  shows  no  action  current  so  that  the  measurement  of  the 
propagation  velocity  is  not  impeded.  The  reason  why  the  galva- 
nometer shows  no  action  current  is  this :  The  excitation  of  each  nerve 
fiber  occurs  at  a.  different  time,  so  that  both  phases  of  the  action  cur- 
rents in  different  fibers  are  neutralized  by  each  other,  thus  making 
it  impossible  for  the  currents  to  be  united  and  become  of  measurable 
intensity. 

Next  Ishikawa's  hypertonic  solution  was  used.  In  his  2  X  solil- 
tion  (NaCl  +1  X  dextrose  solution),  the  velocity  began  to  decrease 
gradually  from  the  beginning  of  the  action  of  the  solution,  but  slower 
than  in  the  case  of  2  X  NaCl  solution.  When  the  solution  was  re- 
placed by  a  physiological  salt  solution,  the  velocity  was  regained 
gradually.  In  his  1.75  X  solution  (NaCl  +  0.75  X  dextrose  solution), 
a  little  decrease  of  the  velocity  was  seen,  while  in  the  1.25  X  solution 
(NaCl -I-  0.25  X  dextrose  solution)  and  in  the  1.5  X  solution  (NaCl  -|- 
0.5  X  dextrose  solution),  its  decrease  was  so  slight  that  it  might  be 
regarded  as  an  experimental  error.  Seven  experiments  were  made,  all 
with  the  same  results,  one  of  which  is  shown  in  experiment  9. 

ExptrimerU  9.     Effect  of  Uhikaaa's  2  X  solution.     Temperalure  8.0  to  B.S'C. 
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In  Ishikawa's  4  X  solution  (NaCI  +  3  X  dextroee  solution),  the  veloc- 
ity decreased  rapidly.  In  the  6  X  solution  (NaCI  +  5  X  dextrose 
solution),  it  decreased  still  more  rapidly  and  the  action  current  became 
weaker  and  weaker  until  after  several  hours  it  disappeared  altogether, 
thus  making  the  measurement  of  the  velocity  impossible.  In  the  7  X 
solution  (NaCI  +  6  X  dextrose  solution),  the  action  current  disap- 
peared after  an  hour  and  at  the  same  time  clonic  contractions  appeared 
in  the  muscle.  By  way  of  example  an  experiment  with  6  X  solution  is 
shown  in  experiment  10. 

Eiperiment  10.     EffectoJ  Uhihaiea'$e  X  solulion.     Tempe'alur'  11.8  to  IS.O'C. 
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In  short,  the  propagation  velocity  of  excitation  of  the  nerve  gradually 
decreases  when  the  nerve  is  immeraed  in  any  hypertonic  solution.  This 
decrease  of  the  velocity  has  no  relation  to  the  variation  of  the  threshold 
strength  of  electrical  stimulus.     The  higher  the  osmotic  pressure,  the 
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more  rapidly  the  velocity  decreases.  The  effect  of  a  coneeatrated 
NaCl  solution  is  stronger  than  that  of  a  NaCl  +  dextrose  solution  of 
the  same  osmotic  pressw«.  This  is  to  be  expected  considering  the 
difference  of  diffusion  velocity  of  salt  ious  and  dextrose  molecules. 

S.  The  effect  of  hypotonic  aolvtiona.  In  the  ^  saline  solution  the 
propagation  velocity  of  excitation  gradually  decreased,  quite  apart 
from  the  variation  of  the  threshold  strength  of  electrical  stimulus. 
When  the  solution  was  replaced  by  a  physiological  salt  solution,  the 
velocity  waa,  in  some  cases,  restored  to  a  certain  degree,  while  in  other 
cases  it  was  not.  Experiment  11,  taken  from  eleven  experiments,  illus- 
trates these  points. 

Experiment  11.    Effect  of  i  Ringer's  tolution.     Temperature  9.8  to  It.VC. 
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In  the  \ot\  saline  solution,  the  velocity  decreased  still  more  rapidly 
than  in  the  first  case  and  the  conductivity  disappeared  after  a  certain 
time.  When  the  solution  was  replaced  by  a  physiological  solution, 
the  original  value  for  the  velocity  was  not  regained  but  some  indica- 
tions of  restoration  were  seen  by  the  reappearance  of  the  velocity 
which  had  previously  disappeared.  Experiment  12  will  serve  as  an 
example. 
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Exptrimeni  It.    Effect  of  i  NaCl  totution.    Temperature  7.0  to  8.5'C. 
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Next  the  effect  of  the  lower  OBmotic  pressure  was  studied  which  did 
not  imply  a  condition  of  inequality  of  ionic  concentration.  It  was 
first  seen  that,  in  the  isotonic  J  NaCl  +  J  dextrose  solution  or  1  NaCl 
+  3  dextrose  solution,  the  velocity  decreased  a  little  and  then  attained 
an  equilibrium  after  5  to  7  hours.  The  result  of  six  experiments  done 
confirmed  this.  Then,  when  a  nerve  w^  imjnersed  in  an  isotonic 
J  NaCl  +  J  dextrose  solution  and  after  the  equilibrium  state  of  the  veloc- 
ity was  attained,  the  solution  was  replaced  by  a  J  NaCl  solution.  The 
result  was  a  gradual  decrease  of  the  velocity  without  any  indication  of 
its  increase.  The  same  procedure  of  experimentation  was  adopted  in 
reference  to  another  set  of  solutions,  namely,  isotonic  }  NaCI  +  } 
dextrose  solution  and  i  NaCl  solution,  with  the  same  result.  But  the 
decrease  of  the  velocity  in  the  latter  series  of  experiments  was  so  rapid 
that  after  five  hours  the  nerves  lost  their  conductivity.  When  the 
hypotonic  solution  was  replaced  by  the  isotonic  solution,  a  certain 
degree  of  the  velocity  was  restored.  £x[>eriment8  13  and  14,  taken 
from  five  experiments,  will  serve  as  examples. 
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Experiment  IS.     Effect  oj  \  NaCl  »olution.     Temperature  I4.O  to  li.S'C, 
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Experiment  14-    Effect  of  i  NaCl  solution.    Temperature  H.O  to  IS.S'C. 
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Iq  a  word,  an  osmotic  pressure  lower  than  the  physiological  gradually 
decreases  the  propagation  velocity  of  excitation  independent  of  the 
variation  of  the  threshold  strength  of  electrical  stimulua.  The  lower 
the  osmotic  pressure,  the  more  rapidly  the  velocity  decreases. 

To  sum  up  the  results  of  these  experiments  we  can  state  that  the 
propagation  velocity  of  excitation  .through  the  nerve  is  at  a  maximum 
when  the  nerve  is  immersed  in  a  solution  of  physiological  osmotic 
pressure.  It  becomes  leas  in  accordance  with  a  decrease  or  increase  of 
the  osmotic  pressure  below  or  above  that  of  the  physiolt^cal.  Since 
the  excitability  of  the  nerve  and  the  propagation  velocity  of  excita- 
tion through  it  go  parallel,  the  physiological  osmotic  pressure  is  tiie 
optimum  pressure  for  the  excitability  of  the  nerve,  and  a  lower  or 
higher  osmotic  pressure  than  the  physiological  decreases  its  excita- 
bility in  accordance  with  the  amount  of  the  deviation  from  the  normaL 


Fig.  3.  The  plate  ahowa  two  kinds  of  experimeoU  for  meaeuriag  the  propaga- 
tion velocity  of  excitation  by  means  of  recording  tbe  action  current :  experiment 
9  denotes  the  effect  of  a  hypertonic  solution  (NaCl  +  1  X  dextrose  solution), 
and  experiment  11  denotes  the  effect  of  a  hypotonic  solution  (1  Ringer's  aolu- 
tion).  Figures  of  the  c  series  in  each  experiment  show  action  currents  when 
the  stimuli  are  applied  on  the  electrode  e  in  figure  2.  Figures  of  the  p  series 
show  other  action  currents  when  the  Htimuli  arc  applied  on  the  electrode  p  in 
figure  2.  The  two  white  vertical  lines  on  each  figure  are  artificially  drawn  to 
facilitate  distinguishing  the  moment  of  stimulation  and  the  beginning  of  the 
action  current.  The  distance  between  these  two  lines  represents  the  time  in, 
which  the  action  current  travels  from  the  stimulating  electrodes  c  or  p  to  the 
leading-ofT  electrode,  E,  which  runs  to  the  galvanometer.  The  difference  be- 
tween these  distances  on  each  pair  of  figures  of  the  some  number  represents  the 
time  of  propagating  the  current  through  the  nerve  from  the  electrode  p  to  the 
electrode  e.  The  real  distance  from  p  to  c  is  42.5  mm.,  and  the  affected  part  of 
the  nerve  in  the  vessel  ia  32.6  mm.  Therefore  the  sum  of  the  length  of  the  part 
of  the  nerve  which  lies  between  p  and  e  but  outside  the  vessel  ia  10.0  mm.  It 
WBB  assumed  that  the  propagation  velocity  through  this  part  of  the  nerve  was 
unchanged  through  the  course  of  the  experiment,  and  then  the  propagation 
velocity  through  the  affected  part  of  the  nerve  was  calculated.  The  wave  line 
below  the  figure  of  the  action  current  ia  the  figure  of  vibration  of  a  tuning  fork, 
one  period  of  which  corresponds  to  iii  aeconds.  The  values  of  the  velocity  thus 
.  -calculated  are  ^ven  in  the  following  tables. 
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1.  The  change  of  electrical  resislaiice  of  the  nerve  which  is  inunersed 
in  a  hypotonic  or  hypertonic  solution  makes  it  impoBsible  to  estimate 
the  excitability  of  the  nerve  by  meaaurii^  the  threshold  strength  of 
electrical  stimulus.  The  excitability  can  only  be  determined  by  the 
propagation  velocity  of  excitation  through  the  affected  part  of  the 
nerve. 

2.  The  optimum  osmotic  pressure  for  the  propagation  velocity  of 
excitation,  and  accordingly  for  the  excitability  of  the  nerve  is  A  = 
—  O.i^C,  which  is  the  osmotic  pressure  of  0.7  per  cent  NaCl  solution 
(about  5  atmospheres  of  pressure  at  0°C.).  This  might  well  be  called 
the-  physiological  osmotic  pressure.  A  h^her  or  lower  osmotic  pres- 
sure than  this  decreases  the  propagation  velocity  of  excitation,  .and  in 
consequence  the  excitability  of  nerve. 

In  conclusion  the  writer  wishes  to  express  his  thanks  to  Prof.  H. 
Ishikawa  for  direction  and  help  during  the  course  of  this  research. 
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INTRODUCTION 

Wstasenia  scintUlans  (Berry),  a,  luminoua  cephalopod,  is  found 
along,  the  northeastern  coast  of  Toyama-Bay  in  the  Japan  Sea.  It  is 
commonly  called  "Hotani-ika"  in  our  national  language  meaning 
literally  firefly-squid. 

Up  to  the  present  time  what  is  called  Abraliopsis,  a  genus  of  lum- 
inous cephalopoda,  has  been  believed  to  be  very  rare,  and  in  fact  only 
a  few  samples  have  been  collected.  The  studies  of  this  animal  were 
made  by  L.  Joubin  (1),  W.  Hoyle  (2)  and  C.  Chun  (3).  Several  years 
ago  S.  Watase  (4)  reported  laige  numbers  of  a  species  of  this  genus 
occurring  in  the  sea  mentioned  above,  and  named  it  Hotaru-ika.  Its 
morphology  has  since  been  studied  independently  by  S.  S.  Berry  (5), 
C.  Ishikawa  (6),  M.  Sasaki  (7)  and  S.  Matsuno  (8).  Berry  named  it 
Abraliopsis  scintillana,  but  Ishikawa  stated  a  few  years  later  that  it  did 
not  belong  to  this  genus,  and  named  it  Watasenia  scintillans  (Berry) 
after  the  name  of  its  discoverer. 

This  animal  is  a  small  squid  with  a  mantle-length  of  6  cm.  Like 
Abraliopsis  it  has  three  kinds  of  luminous  organs  which  Watase  called 
the  luminous  organs  of  the  first,  second  and  third  classes.  The  lum- 
inous oi^an  of  the  first  class,  or  the  brachial  organ,  is  the  largest  of  all. 
It  is  at  the  end  of  each  fourth  arm  and  consists  of  three  oval  globules 
arranged  in  a  series.  The  luminescence  of  this  organ  is  stronger  than 
the  other  two.  The  luminous  organ  of  the  second  class,  or  the  ocular 
oi^an,  consists  of  five  small  organs  which  are  arranged  in  a  series  along 
the  ventral  circumference  of  each  eyeball.  The  luminous  organ  of 
the  third  class,  or  the  cutaneous  organ,  consists  of  numerous  minute 
organs  dotted  about  on  the  ventral  surface  of  the  whole  body.  The 
microscopical  structure  of  these  luminous  organs  is  nearly  the  same  as 
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that  of  Abraliopsts  morisii  V^raoy,  which  was  described  by  Chun. 
Joubin  and  Chun  were  ah^ady  aware  of  the  Ught-produciog  function 
of  the  ocular  and  cutaneous  organs,  though  they  had  not  exunined 
the  hving  animal.  The  function  of  the  brachial  organ  was  not  known 
until  Wataae  observed  its  luminescence  in  the  living  anim^. 

The  writer  of  this  paper  made  physiological  researches  upon  the 
luminescence  of  this  animal  in  May  and  June  of  1915  and  1916  at 
Uwozu,  a  town  situated  on  the  coast  of  Toyama-Bay. 

THE    EFFECT    OF    CONCENTRATION     OP    SEA    WATER    ON     THE     LIFE    OF 
WATASENIA    SCINTILLANS    (beBBY) 

Fishermen  who  catch  this  squid  speak  of  it  as  being  so  delicate  an 
animal  that  it  lives  only  a  very  short  time  if  it  is  put  in  a  pail  contain- 
ing the  sea  water  of  the  uppermost  layer.  It  occurred  to  the  writer 
that  this  might  be  due  to  a  lower  salinity  of  the  uppermost  layer  near 
the  coast  rather  than  that  of  deep  sea  water.  To  test  this  idea  the 
following  experiments  on  the  effects  of  concentration  of  the  sea  water 
on  the  life  of  this  animal  were  made. 

In  order  to  compare  the  effects  of  sea  water  from  vaKous  levels  on 
the  life  of  the  animal,  one  squid  was  placed  in  2  Uters  of  sea  water  and 
left  until  it  died.  A  record  of  the  average  time  obtained  in  several 
experiments  of  the  same  kind  was  taken.  Care  was  taken  not  to 
allow  the  ink  spouted  by  the  animal  to  become  mixed  with  the  sea 
water,  for  it  is  very  injurious  to  the  life  of  the  animal. 

The  relation  between  length  of  life  of  the  animal  and  the  concen- 
tration of  the  sea  water  at  various  depths  was  first  determined.  By 
measuring  the  value  of  the  osmotic  pressure  and  the  specific  gravity, 
it  was  found  that  sea  water  below  a  depth  of  five  meters  has  nearly 
the  same  concentration  and  has  no  injurious  effect  upon  the  life  of 
the  animal,  while  the  sea  water  of  the  uppermost  layer,  which  is  rela- 
tively more  dilute,  shortens  the  animal's  life.  An  example  of  experi- 
ments on  this  point  is  shown  in  table  1. 

Next,  the  effects  of  the  concentration  of  the  sea  water  upon  the  life 
of  the  squid  was  estimated,  using:  a,  deep  sea  water  of  10  to  20  m., 
which  was  regarded  as  the  standard  solution;  b,  various  dilutions  of 
aea  water  made  by  adding  distilled  water;  and  c,  various  concentrations 
of  sea  water  prepared  by  dissolving  in  it  varying  amounts  of  salt 
obtained  from  the  deep  sea  water  by  evaporation.  It  was  found  that 
animals  lived  longest  in  the  normal  sea  water,  and  a  lesser  time  in 
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diluted  sea  water  in  proportion  to  the  degree  of  dilution,  especially  in 
eea  water  more  highly  diluted  than  A  =  -LS^C.  The  same  result  as 
in  the  diluted  sea  water  was  obtained  in  a  concentrated  sea  water  but 
the  shortening  was  not  so  marked.  These  experiments  were  repeated 
eight  times.    One  series  is  shown  in  table  2. 

Judging  from  the  results  shown  in  tables  1  and  2,  it  is  obvious  that 
the  injurious  action  of  the  surface  layer  of  sea  water  is  due  to  its  dilu- 
tion. But  this  is  not  the  only  factor,  for  life  should  be  lengthened  in  a 
solution  prepared  by  dissolving  the  salt  obtained  from  the  deep  sea 
water  in  either  fresh  water  or  sea  water  of  an  uppermost  layer  makii^ 
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its  concentration  equal  to  that  of  deep  sea  water.  But  according  to 
the  writer's  experiments  life  is  remarkably  longer  in  the  latter  than  in 
the  former. 

Next  it  was  attempted  to  estimate  the  effect  of  the  dilution  of  sea 
water  upon  the  osmotic  pressure  of  the  blood  of  Watasenia.  But  as 
this  squid  was  too  small  to  get  a  sufficient  quantity  of  blood,  some 
Ommastrephes  were  used  in  place  of  Watasenia  in  the  following  experi- 
ment. Several  living  Ommastrephes  were  placed  in  sea  water  of 
known  osmotic  pressure.  After  the  death  of  the  animals  or  after  an 
hour  in  their  living  state,  the  blood  was  removed  from  the  animal 
and  its  osmotic  pressure  was  measured.  The  result  of  the  measure- 
ment is  as  follows. 
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FreeiingpointdepreBsionof  theseawat«rof  10m.  deeplayer. . .  — 1.780°C. 

Freezing  point  dcpreseion  of  the  blood  of  the  squids  which  are 
livinR  in  the  above-mentioned  deep  sea  water —  1.796°C. 

Freezing  ^int  depreBsion  of  the  sea  wat«r  of  the  uppermost 
la>-er -0. 537°C. 

Freezing  point  depressioa  of  the  blood  of  the  squids  which 
died  in  the  same  sea  water  of  the  uppermost  layer — 1.571  °C. 

TABLE  1 
Relation  belwetn  concentTOtion  of  the  sea  water  and  the  length  of  life  of  Watatenia. 
Specific  gravity  of  W  m.  deep  sea  water,  t.OtBB  {at  IB^C).     Experimenial  temper- 
ature. 10.6'  lott.O'C. 
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As  U  well  known,  the  blood  of  a  livii^  squid  has  the  same  oemotic 
pressure  as  that  of  the  sea  water  in  which  it  lives.  But  this  experi- 
ment shows  that  the  osmotic  pressure  of  the  blood  does  not  decrease 
parallel  with  that  of  the  sea  water  when  the  latter  becomes  very  low, 
and  the  animal  dies  when  the  osmotic  pressure  of  the  blood  decreases 
to  a  certain  degree.  Lack  of  sufficient  material  prevented  further  in- 
vestigation of  this  point. 

Oxygen  dissolved  in  the  sea  water  is  of  course  an  important  factor 
for  maintaining  the  life  of  Watasenia.  Three  squids  were  placed  in  a 
specially  equipped  barrel  containing  25  liters  of  deep  sea  water  through 
which  oxygen  gas  was  passed  against  an  inner  pressure  of  two  atmos- 
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pheres,  30  that  the  solubility  of  oxygen  might  be  increased.  Under 
these  conditions  one  squid  lived  18  hours;  the  other  two  22  and  26 
hours  respectively.  A  control  experiment  was  made  under  the  same 
conditions  differing  only  in  keeping  the  inner  pressure  'noimal  and 
without  passing  oxygen  gas.  In  this  case  all  three  squids  died  .after  6 
hours.  The  results  were  confirmed  by  two  other  experiments  of  the 
same  kind. 

OBSERVATIONS  OF  THE  LCUmESCENCE  OF  A  LIVING  WATASENIA 

1 .  Observations  of  the  luminescence  of  Uie  lumiTions  organs  of  the  first 
class:  Under  natural  conditions  of  living,  the  luminescence  of  the 
-organs  of  this  class  is  rarely  seen.  But  as  a  consequence  either  of  a 
mechanical  or  of  any  other  stimulus,  or  when  the  sea  water  in  which 
the  animal  is  living  becomes  unsuitable  for  its  life,  the  organs  begin  to 
function.  The  emission  of  light  is  periodical- as  in  the  case  of  the  fire- 
fly; the  duration  time  of  one  emission  is  not  longer  than  30  seconds 
and  the  interval  varies  consiflerably  with  varying  conditions.  Organs 
function  equally  well  by  day  or  by  night.  The  light  is  bluish-white 
and  shows  a  continjious  spectrum,  the  extent  of  which  could  not  be 
measured  because  of  the  type  of  spectroscope  then  available. 

Upon  the  cessation  of  respiration  or  when  the  fourth  arm  is  removed, 
this  luminescent  organ  can  no  longer  function.  The  foUowing  fruit- 
less experiments  were  made  to  test  this  particular  point:  First  the 
application  of  an  electrical  or  mechanical  stimulus  directly  upon  the 
organ,  indirectly  upon  the  cut  end  of  the  arm,  and  then  upon  the  pair 
of  ganglia  which  are  situated  on  the  back  of  the  head  and  are  special 
to  Watasenia.  (This  ganglion  was  detected  by  Prof.  C.  Ishikawa,  and 
the  writer  is  indebted  to  him  for  the  information.)  Stimuli  applied  to 
other  parts  of  the  body  also  gave  negative  results. 

After  the  death  of  the  animal  the  luminous  organ  is  covered  with 
pigment  layers,  but  this  can  not  be  considered  as  the  reason  of  the 
absence  of  luminescence  for  when  the  pigment  cells  contract  so  as  to 
reveal  the  luminous  substance,  or  when  they  are  artificially  removed, 
luminescence  is  no  longer  apparent. 

S.  Observations  of  the  lumtJiescence  of  the  luminous  organs  of  the  sec- 
ond class:  Observation  of  these  organs  which  are  situated  on  the  ventral 
side  of  the  eyeball  is  somewhat  difficult  in  the  living  animal.  To 
observe  them  the  animal  must  be  fixed  on  its  dorsal  side.  But  in  this 
position  the  animal  dies  in  a  short  time.     Moreover  it  is  not  easy  to 
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distii^uish  the  Imuinescence  of  the  organs  of  this  class  from  that  of 
the  Cleans  of  the  third  class,  which  are  scattered  about  in  the  skin 
over  the  eyeball.  According  to  the  writer's  observations  the  lumi- 
nescence of  the  organs  of  the  second  class  is  almost  the  same  as  that  of 
the  organs  of  the  third  class. 

S.  Observations  of  the  luminescence  of  the  luminotis  organs  of  the  third 
doss:  Though  the  organs  of  this  class  are  very  numerous  (about  600 
on  the  mantle  only),  their  illumination  is  so  faint  as  to  be  just  visible 
at  a  distance  of  one  meter  in  a  dark  room.  These  ventrally  located 
oi^ans  may  be  studied  to  advantage  and  with  little  disturbance  to 
the  animal  by  placing  it  over  a  mirror  in  a  dish  of  sea  water. 

The  intensity  of  the  light  varies  from  Cime  to  time  and  may  almost 
disappear.  Yet  the  luminescence  cannot  be  said  to  be  periodic  as  in 
the  case  of  the  organs  of  the  first  class,  but  is  continuous.  For  in- 
stance, it  was  often  observed  that  a  single  organ  maintained  its  lumi- 
nescence for  more  than  20  minutes.  The  color  of  the  light  of  the 
organs  is  the  same  as  that  of  the  organs  of  the  first  class. 

Within  a  short  time  after  the  death  of  the  animal,  the  organs  of  the 
third  class  gUtter  with  a  blue  light  as  seen  by  daylight,  simulating  the 
real  luminescence.  This  condition  was  noticed  by  Joubin  in  the  skin 
organs  of  Histioteuthis  (9)  and  Abraliopsis.  However,  in  the  organs 
of  Watasenia,  many  instances  were  observed  in  which  the  organs  thus 
functioning  in  the  dayl^ht  showed  no  luminescence  when  observed  in 
a  dark  room.  Again  this  glitter  could  not  be  seen  from  an  oblique 
direction.  We  can  infer  from  this  phenomenon  that  it  is  not  the  real 
luminescence  but  perhaps  only  a  reflection  of  the  daylight  from  the 
organs,  just  as  in  the  case  of  a  cat's  eyes  which  reflect  in  a  dimly  lighted 
room.  This  glitter  of  the  organs  disappears  after  a  certain  time  and 
only  numerous  gray  points  are  seen.  But  even  in  this  state  their 
luminescence  can  still  be  observed  by  application  of  a  stimulus  to  the 
organs. 

When  a  mechanical  or  electrical  stimulus  is  applied  to  a  living  animal 
or  to  a  dissected  mantle,  the  organs  of  the  third  class  illuminate  strongly. 

The  dissected  mantles  were  used  to  study  the  effects  of  various  con- 
ditions upon  the  luminescence  of  this  animal,  because  the  organs  of 
the  first  and  second  classes  can  not  conveniently  be  used  for  this 
purpose. 
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As  is  well  known,  the  bioluminescence  is  due  to  the  oxidation  of  a 
certain  substance  produced  by  the  cells  of  the  luminous  organs  which 
are  differentiated  glands.  According  to  R.  Dubois  (10)  this  oxidation 
is  catalysed  by  a  special  oxidative  enzyme  produced  by  the  organism. 
He  extracted  a  luminous  substance  and  an  oxidative  enzyme  from  the 
secretion  of  Pholas  dactylus  and  named  them  luciferine  and  luciferase 
respectively.  Recently  E.  N.  Harvey  (11)  reported  that  the  lucif- 
erase  which  he  extracted  from  Cypridina  and  the  firefly  was  not  an 
enzyme,  but  the  source  of  the  light.  H  gave  the  names  of  photo- 
genin  for  luciferase  and  photophelein  for  luciferin. 

But  the  presence  of  such  luminous  substances  cannot  be  experi- 
mentally proved  in  all  kinds  of  luminous  organisms.  According  to 
Putter  (12)  the  bioluminesoence  is  of  two  kinds,  viz.,  extracellular 
and  intracellular  luminescence.  In  the  animal  in  which  extracellular 
luminescence  takes  place,  the  luminous  organ  still  maintains  the  orig- 
inal structure  of  a  gland,  having  both  alveoh  and  ducts.  The  secre- 
tion is  in  this  case  oxidized  so  as  to  emit  light  soon  after  it  is  secreted 
in  the  cavity  of  the  alveoli  or  after  it  is  expelled  from  the  gland.  From 
a  luminous  organ  of  this  kind  the  luminous  substance  can  be  extracted. 
In  the  animal  in  which  intracellular  luminescence  takes  place,  the 
luminous  oi^an  is  highly  differentiated,  alevoli  and  ducts  being  reduced 
to  a  mass  of  cells.  The  luminous  substance  is  made  to  produce  light  in 
the  cells  as  soon  as  it  is  produced,  so  that  no  secretion  is  expelled  from 
them.  As  can  be  easily  seen  from  this,  it  is  very  difficult,  if  not  impos- 
sible, to  extract  the  luminous  substance  from  the  organ  of  this  class. 

The  luminesence  of  Watasenia  belongs  to  the  type  of  intracellular 
luminescence  because  the  histological  structure  of  the  luminous  organs 
shows  neither  alveoli  nor  ducts.  Therefore  the  extraction  of  the  lum- 
inous substance  from  this  animal  is  undoubtedly  very  difficult.  In  fact 
several  unsuccessful  attempts  were  made  to  extract  it  with  water  and 
several  organic  solvents. 

NECESSrrV    of    OXTQEN    FOH    LUMINESCENCE 

Since  bioluminescence  is  an  oxidative  process,  oxygen  is  absolutely 
necessary.  The  luminescence  of  Watasenia  may  be  taken  aa  an  ex- 
ample. According  to  the  writer's  observations,  a  dissected  mantle 
emits  light  more  strongly  in  air  than  in  the  sea  water  and  most  strongly 
in  pure  oxygen.     It  was  observed  that  when  a  mantle  was  put  in  free 
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atmospheric  air,  its  light  diaappeared  altogether  after  15  hours  when 
its  outer  surface  became  dry,  while  another  piece  which  was  put  in  a 
glass  vessel  in  order  to  prevent  its  quick  drying  (for  this  purpose  a 
Verwom's  gas  chamber  of  about  10  co.  was  used),  kept  its  lumi- 
nescence for  more  than  25  hours  (at  room  temperature  of  20  to  23''C.)- 

Again  putting  the  third  piece  in  a  gas  chamber  and  passii^  bydn^n 
or  carbon  dioxide  gas  through  it,  it  was  observed  that  the  luminescence 
disappeared  after  10  to  25  seconds.  When  these  gases  were  replaced 
by  air,  the  luminescence  reappeared  in  from  a  few  to  some  20  seconda. 
When  pure  oxygen  was  used  instead  of  air,  the- luminescence  becamb 
more  intense  than  in  air.  Such  an  experiment  could  be  repeated  with 
a  allele  specimen  as  many  times  as  one  wished. 

Consequently  it  may  be  stated  that  oxygen  is  indispensable  for  the 
luminescence  of  Watagenia. 

THE   EPPECr  or  NARCOTICS  ON   LUMraBBCENCB 

It  is  said  that  in  many  luminous  oi^anisms  narcotics  first  stimulate, 
then  inhibit  the  bioluminescence.  The  effect  of  narcotics  on  Watasenia 
agrees  with  this  statement.  When  mantles  are  placed  in  a  Verwom's 
gas  chamber  and  air  saturated  with  vapor  of  alcohol,  ether  or  chloro- 
form is  passed  through  it,  the  luminescence  becomes  more  intensive 
at  first,  then  gradually  diminishes  and  after  a  certain  time  disappears. 
But  if  the  narcotics  are  replaced  by  air,  the  luminescence  reappears  in  a 
few  seconds.  The  effect  of  ether  is  most  injurious,  chloroform  next 
and  alcohol  least.  But  these  differences  may  not  be  attributed  to  the 
nature  of  the  narcotics,  for  the  vapor  pressures  of  these  narcotics  (at 
room  temperature  of  20''C.,  at  which  the  experiments  were  made)  are 
different,  but  parallel  to  the  different  intensities  of  their  activity. 
The  results  of  the  experiments  are  shown  in  table  3. 
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We  may  conclude,  therefore,  that  nuotics  first  excite  then  inhibit 
luminescence  and  that  this  inhibition  is  reversible. 

THE  EFFECT  OF  TEUPERATDBB  ON  LUHINESCENCE 

The  results  of  many  experiments  on  the  effect  of  temperature  upon 
biolumiuescence  are  in  complete  agreement  on  the  point  that  there  is  a 
limited  optimal  range  of  temperature  for  bioluminescence  and  that  any 

TABLE  4 

I  The  effect  of  teniperature  on  the  lumintsctnee  of  Walamnia 


DC«i, 

BKiDTmT  □*  Lotantactrnm  nan 

'""''"*"'" 

LUUSMOKI 

rfwr«C. 

luur. 

ninuta 

-12.0 

2 

Recover  after  10  minutes 

-  3.3 

5 

Recover  after   2  minutes 

10.0 

26 

Recover  afUr    3  minuteB 

17.0  (16.0-18.0) 

20.1(18.8-21.4) 

21.0  (20.0-22.0) 

24.0  (constant) 

25.0  (constant) 

28.7  (29.3-28.0) 

30.4(31.8-29.0) 

10 

31.6(32.6-30.6) 

32.0  (32.5-31.5) 

33.6(34.0-33.2) 

Recover  after  1  minute 

35.0 

30 

Recover  sfter  1  minute 

36.0 

16 

Recover  after  1  minute 

39.0 

10 

Recover  after  1  minute 

40.8 

2 

after  2  or  3  repetitions 

44.5 

1 

Recover  after  3  minutes,  but  irreversible 
after  2  repetitions 

48,8 

1 

63.0 

ImmediaUly 

temperature  outside  this  range  acts  unfavorably  upon  it. .  This  optimal 
range  of  temperature  is  variable  according  to  the  materials  and  to  the 
method  which  is  employed.     * 

Experiments  upon  the  effects  of  temperature  on  the  lumineBcence  of 
Watasenia  were  made,  the  results  of  which  are  shown  in  table  4.  The 
following  method  was  used.  Dissected  mantles  were  put  in  a  test 
tube  which  was  again  put  in  a  Dewar'a  flask  (a  thermos  bottle)  con- 
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taining  water  at  a  constant  tempcn'ature.  The  flask  wiia  closed  with  a 
cork  through  which  a  thermometer  was  inaerted.  The  inner  tempera- 
ture varied  somewhat  as  the  time  passed  on.  The  initial  and  the  final 
temperattire  are  given  parenthetically  in  the  table. 

From  these  results  it  may  be  concluded  that  the  optimal  range  of 
temperature  for  the  luminescence  of  Watasenia  is  from  IG^C.  to  31°C. 
Within  this  range  luminescence  pereists  through  about  the  same  time 
interval  but  the  intensity  of  the  light  is  stronger  at  the  lower  tempera- 
ture (16  to  20''C.)  than  at  the  higher.  The  inhibition  of  luminescence 
at  a  lower  temperature  than  ICC.  (down  to  —  12''C.)  is  perfectly 
reversible.  The  inhibition  at  36  to  45'*C.  is  also  reversible  but  after 
repeated  experiments  or  when  heat  is  applied  for  a  loi^  time  the  lu- 
minous oi^an  loses  its  reversibility.  A  higher  temperature  than  49°C. 
entirely  destroys  the  illuminating  power  of  the  organ  due  to  the  heai, 
coagulation  of  its  cells. 

THE   EFFECT  OP  SITNLIGaT  ON  LUMINESCBNCE 

Almost  all  work  hitherto  published  refers  to  the  fact  that  the  in- 
tensity of  bioluminescence  is  diminished  after  the  exposure  of  the  ani- 
mal or  the  luminous  organ  to  sunhght  or  to  strong  artificial  light.  But 
the  results  obtained  by  the  writer  differ  from  this. 

Many  dissected  mantles  of  Watasenia  were  exposed  to  the  sunlight 
for  from  20  minutes  to  2  hours,  taking  precautions  to  prevent  desic- 
cation, but  no  difference  in  luminescence  was  observed  between  the 
materials  which  were  brought  into  a  dark  room  after  esq^osing  to  the 
direct  sunlight  for  even  2  hours  and  the  materials  which  were  kept  in 
the  dark  room  from  the  beginning. 

THE  EFFECT  OF  OSMOTIC  PBBSSCBE  ON  LUMINESCENCE 

It  is  well  known  that,  when  the  luminous  organ  of  an  animal  is 
dried  or  inmiersed  in  glycerol  to  withdraw  its  water,  it  loses  completely 
the  illuminating  power.  But  with  regard  to  the  effect  of  immersing 
the  organ  in  water,  various  results  are  reported  by  various  workers. 
There  is  no  information  on  the  effect  of  osmotic  pressure  upon  the 
bioluminescence,  except  the  work  of  Kolliker  and  of  Mangold.  K6l- 
liker  (13)  observed  that  the  12  to  20  per  cent  NaCl  solution  intensified 
the  luminescence  of  Lampyris  at  first,  and  then  after  a  short  time 
paralyzed  it.  Mangold  (14)  observed  that  a  concentrated  NaCI 
solution  intensified  the  luminescence  of  Ophiopsila  but  not  that  of 
Maurolicus. 
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Watasenia  is'  favorable  for  testing  the  effect  of  osmotic  ] 
upon  bioluminescence,  for  it  lives  in  the  sea.  Some  dissected  mantles 
were  put  in  the  sea  water  of  various  concentrations  and  the  effects  of 
these  solutions  on  luminescence  were  exuuined.    The  solutions  were 


The  effect  of  o»molie  pretgure  i 


■^i^M^K^^^sr" 

""*"fK£r^.''io'r'™ 

(IBUUBIUTT  TO  TH«  HI 

«Ji.n«) 

per  ant 

imt. 

3.7 

11.14 

1 

3.2 

9.74 

1 

2.3 

6.S6 

1 

2.0 

6.06 

1 

(i- -3-448) 

1.9 

5'76 

2 

1.8 

6.46 

4 

1.7 

5.15 

e 

1.6 

4,85 

6 

1.5 

4.55 

7 

1.4 

4.24 

9 

1.3 

3.94 

9 

1.2 

3.64 

10 

1.1 

3.33 

10 

1.0 

3.03 

10 

0.9 

2,73 

10 

0.8 

2,42 

10 

0.7 

2.12 

10 

0.6 

1.82 

10 

0.5 

1.51 

10 

0.4 

1.21 

9 

0.3 

0.91 

9 

0.2 

0.61* 

9 

0.1 

0,30 

4 

■0    (water) 

0 

1 

sea  water 

3.24 

10 

(A  =  -1.860) 

prepared  as  follows:  Salts  obtained  from  evaporated  sea  water  were 
redissolved  in  sea  water  and  the  concentrated  sea  water  thus  obtained 
was  filtered.  Various  dilutions  were  obtained  by  adding  distiUed 
water  to  the  concentrated  sea  water.  Unmodified  sea  water  was 
always  used  as  a  control. 
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The  dissected  mantles  were  immersed  in  sea  water  of  different  con- 
centration and  maintained  their  luminescence  for  approximately  half 
an  hour.  Luminescence  persisted  longer  in  dilute  than  in  concen- 
trated sea  water.  But  in  all  cases  luminescence  ceased  entirely  after 
about  an  hour.  When  a  mechanical  stimulus  (a  slight  rubbing)  was 
applied  to  a  mantle  that  had  already  lost  its  luminescence  in  the  sea 
water,  the  luminous  organ  again  illuminated  as  a  response  to  the 
stimulus.  This  irritability  was  maintained  for  the  longest  time  in  the 
sea  water  which  was  isotonic  to  0.6  to  4  per  cent  NaCl  solution.  A 
higher  or  lower  osmotic  pressure  than  this  range  shortens  the  time  that 
this  irritability  will  persist. 

The  results  of  experiments  with  NaCl  solutions  of  different  concen- 
tration were  the  same,  though  the  absolute  value  of  the  persistence  of 
irritability  was  shorter  than  in  the  ease  of  the  sea  water. 

Table  5  is  an  example  out  of  six  series  of  experiments. 

THE    ACTION    OF    IONS    ON    LUMINKBCBNCa 

It  is  found  by  many  workers  that  Btroi^  acids,  alkalis  or  salts  of 
heavy  metals  destroy  the  luminous  power  of  many  luminous  organ- 
isms. With  regard  to  the  action  of  neutral  alkali-metal  salts,  some 
stated  their  exciting  action  while  others  found  them  to  be  without 
effect  upon  bioluminescence.  It  must  be  remembered  that  these 
experiments  were  made  mostly  with  luminous  insects  and  bacteria. 

Watasenia  furnishes  good  material  for  studying  the  action  of  ions 
upon  bioluminescence.  The  writer  made  several  series  of  experiments 
on  this  point,  which  are  described  in  the  following  three  parts. 

a.  The  action  of  hydrogen  and  hydroxyl  ions.  In  order  to  examine 
the  action  of  H,  or  OH  ions,  materials  were  immersed  in  the  sea  water 
containing  HCl  or  NaOH  of  a  concentration  of  1/6400  N  to  1/50  N. 
The  reason  why  HCl  and  NaOH  were  chosen  for  this  purpose  was  that 
CI  and  Na  ions  are  present  in  large  Eunount  in  sea  water.  It  was  found 
that  H  and  OH  ions  first  excited  luminescence  in  the  squid  in  propor- 
tion to  their  concentration,  and  afterwards  inhibited  the  luminescence. 
H  ions  destroyed  the  luminous  power,  i.e.,  the  irritability  to  a  stimulus, 
while  OH  ions  had  no  injurious  action  upon  it,  when  its  concentration 
was  less  than  1/50  N. 

b.  The  action  of  ions  of  a  single  compound.  In  order  to  study  the 
action  of  cations  and  anions  separately,  chlorides  of  various  metals 
and  Na-salts  of  various  acids  were  used.     Isotonic  solution  of  these 
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salts  were  prepared  whose  osmotic  pressure  were  equal  to,  or  one-half  or 
one-third  of  that  of  the  aea  water  {A— —  1.860°C.).  Isomolecular 
scdutions  were  not  used  because  of  a  large  difference  of  osmotic  pressure 
between' the  solutions  of  univalent  and  bivalent  salts.  The  concen- 
tration of  salts  in  the  isotonic  solutions  was  calculated  from  the  formula 

molecular  weight  • 
molecular  freezing  point  depression 
solution. 


The  effect  of  hydrogen  onrf  hydr 

xyKons  on 
15.0°  U 

lumiTWMenre.     Experimental  temjmralvre 

IS.S'C. 

«-""™"" 

*?.v;a-.v 

[I  COmAIHI 

Dinnia 

LtllUNUCIHCI 

.«Vi'".SJS^ 

5 

20 
40 
40 
40 
40 
40 
40 
40 
40 
40 
20 

5 
5 

n 

5 
6 
6 
5 
5 
,S 
5 
6 
6 

1/200    N  NaOH 

1/50      N  NaOH 

The  molecular  freezing  point  depression  of  various  salts  at  a  fixed 
osmotic  pressure  was  calculated  from  the  data  given  in  Landolt's 
"  Ph yaico-chemische  Tabellen."  As  for  the  substances  Nal,  NaHCOi, 
NaH!P04,  NaNOt,  and  Na-tartrate,  no  data  being  available,  the 
writer  measured  their  molecular  freezing  point  depression  by  the  usual 
method. 

Materials  were  immersed  in  these  solutions  and  their  luminescence 
was  observed.     Tables  7  and  8  are  given  as  examples. 

The  results  with  acidic  and  basic  salts,  such  as  NH4CI,  NaHCOi, 
NaHiPOj  and  NaSCN,  NaCHjCOs,  Na^O>,  Na,HPO,,  Na-tartrate 
are  not  to  be  taken  into  account  because  the  solutions  of  such  salts 
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contaiD  H  or  OH  ions,  which  act  as  auch  upon  the  materials,  though 
these  salts  are  commonly  dealt  with  by  many  investigators  in  a  lyo- 
tropic  series  for  various  physical  and  physico-chemical  properties. 

The  order  of  a  lyotropic  series  of  ions  for  physical  and  chemical 
properties  in  acidic  solutions  is  in  many  cases  the  reciprocal  of  that  in 
alkaline  solutions.  So,  in  this  experiment,  the  actions  of  ions  in  acidic 
and  alkaline  solutions  were  tested,  adding  1/600  N  HCl  and  1/600  N 


Tlu  action  of  cations  on  luminescence. 

Experimental  temperature 

18.4'  to  IS.B'C. 

•ALT 

(d--^ta*C. 

OriLLDMI- 

•  tiC»OFTHl 

■IKI  or  TBI 

LiCt+2H,0 

2.02 
1.46 
1.62 
2.07 
3.42 
4.81 
3.58 
2.06 
5.00 
4.78 
3.63 
3.47 
2,40 

idii. 

+ 

+ 
+  + 

+  + 
+  + 

+ 

+ 

+ 
+  + 
+  + 
+  + 

+ 

Jsuri    miniUu 
40 

0 
20 
20 

0 

2 

1           20 

20 

20 

2 
20 
20 

5 
20 

*«ir»      mi>HilH 

KCl 

CsCl 

CaC!,{Hicc.) 

BaCl,+2H,0 

ZnCI, 

Intensity  of  the  lumineeceQce  is  denoted  as  follows: 
—  denotes  that  the  illumination  immediately  disappears. 
+ denotes  illumination. 

++denotes an  intensive  illumination  which  is  seen  from  a  distance  of  8( 


NaOH  respectively  to  them.  But  it  was  found  that  the  results  in 
both  cases  were  the  same  and  not  contradictory  to  each  other. 

From  the  results  of  experiments  it  may  be  concluded  as  follows. 
The  action  of  alkali-  and  earth  alkali-metal  ions  on  the  luminescence  is 
in  the  following  order: 

1.  The  exciting  action  in  the  initial  stadium 


Cations Mg  >  K.  Cs  ; 

Anions I,  NOt  > 


Na,  Li,  Ca,  Si 
50,  >  Br,  CI,  S,Oi 


Ba  >  Rb 
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2.  The  action  conceraed  in  the  persistence  of  the  spontaoeoua  ilium- 
inatioD 

CatioBB Mg,  Li  >  Na,  K,  Ca,  Sr  >  Cb,  Ba.  Rb 

Anions SO,,  SiO,  >  I,  Br,  CI,  NO.  >  NO. 

3.  The  action  concerned  in  the  persistence  of  the  luminous  power^ 
i.e.,  irritability  against  a  mechanical  stimulus 

Cations Mg,  Li  >  Na,  K,  Ca,  Sr  >  Cs  >  Ba,  Rb 

Anions SO,  >  8.O.,  I,  Br,  CI,  NO.  >  NO. 

Thus  the  Mg  ion  is  the  most  active. 

The  action  of  anions  on  luminescence.    ExperimerUai  Itmperalwe  H.S"  to 
IS.S'C. 


NftCl 

NftBr 

NaI+2H,0 

NaSCN 

NaNO, 

NaHCO. 

NaCH,C0,+3H,0. 

NaNO, 

Na,SO,+IOH,0- . . 
Na,8,0,+5H,0.... 

Na,SO,(Bioc.) 

Na,HP0,+12H,0. 
NaH,PO,+H.O... 

Na-tartrate 

MgS0i+7H,0 

Sea  water 


1.62 

+ 

2.71 

+ 

4.96 

++ 

2.29 

++ 

2.51 

++ 

2.60 

+ 

3.31 

+ 

1.95 

- 

7,70 

++ 

6.10 

+ 

3.30 

_ 

8.35 

+ 

4.15 

_ 

3.69 

+ 

11.4 

++ 

idu. 

+ 

Ferrous,  manganese  and  zinc  ions,  the  bivalent  heavy  metal  ions 
used,  destroy  the  luminous  power  with  some  initial  excitation. 

c.  The  co-action  of  ions  of  compounds  on  lumineaceJice.  The  co-action 
of  ions  contained  in  the  sea  water  was  studied.  First  of  all  it  was 
necessary  to  learn  the  ionic  composition  of  the  sea  water.  So,  before 
the  experiments,  the  sea  water  taken  from  the  environment  of  Watasenia. 
was  analyzed.     The  result  is  as  follows: 
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Date  of  collection  of  the  sea  water:  June  30,  1915.    Fair  weather. 
Specific  gravity  of  the  sea  water:  1.0255  at  IS'C, 
Osmotic  pressure  of  the  sea  water:  -i=^1.867°C. 
Salts  in  100  cc. : 

NaCl 2,5105 

KCl 0.2805 

CaSO, 0. 1487 

MgSO* 0. 2033 

MgOi 0.2786 

Then  the  following  experiments  were  made  in  the  next  year. 

For  the  sake  of  convenience,  the  following  composition  was  assumed 
as  that  of  the  sea  water. 

NaCI 2.61 

KCl 0.28 

CaCli 0. 12 

Mga, 0.28 

MgSO, 0.20 

NftBr 0.05 

Taking  2.51  per  cent  NaCI  solution  as  the  base,  the  other  com- 
ponents were  added  in  all  combinations  and  the  action  of  these  solu- 
tions was  examined. 

The  results  of  these  experiments  are  shown  in  table  9.  From  this 
table  it  will  be  seen  that  Mg,  K  and  Br  ions  act  favorably,  but  Ca  ion 
unfavorably  upon  the  luminescence  of  the  animal,  when  their  concen- 
trations were  equal  to  those  of  the  sea  water. 

Next,  the  effect  of  varying  the  ratio  of  some  of  the  more  important 
combinations  of  salts  was  studied. 

1.  AcHon  of  the  Na  +  K  system.  After  examining  various  ratios  of 
NaCI  and  KCl  concentrations,  it  was  found  that  the  most  favorable 
one  wss  7  mol  NaCI:  1  mol  KCl  in  a  rough  estimation.  This  ratio  is 
nearly  the  same  as  that  of  these  two  substances  in  the  sea  water  (about 
9  mol  NaCI  :  1  mol  KCl).     Table  10  serves  as  an  example. 

^.  Action  of  the  Na  +  Mg  system.  Various  ratios  of  NaCI  and  MgCU 
concentrations  were  examined  and  it  was  found  that  the  higher  the 
concentration  of  MgClj,  the  more  favorable  was  the  action  of  the  solu- 
tion.   Table  11  will  serve  as  an  example. 

S.  Action  of  the  Na  +  K  +  Mg  system.  When  different  amounts  of 
MgCli  were  added  to  j  mol  NaCI  +  ^z  mol  KCl  solution,  it  was  found 
that  the  favorable  action  of  Mg  ion  increased  in  proportion  to  its 
amount.     Table  12  will  serve  as  an  example. 
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The  co-acUon  of  the  components  of  the  sea  icaier  on  luminescence.    Experimental 
(emperoiure  15,4°  to  tO-O'C. 


NaQ 

NaCl+KCl 

NttCl+CaCl, 

NaCl+MgCl, 

NaCI+MgSO, 

NaCl+NsBr 

NaCl+KCl+CaCl, 

NaCl+KCl+MgCl, 

NaCl+KCl+MgSO, 

NaCl+KCl+NaBr 

NaCI+CaCli+MgCI, 

NaCI+CaCl,+MgSO* 

NaCI+CaCl,+NaBr 

NaCl+MgCl.+MKSO. 

NaCl+MgCI.+NaBr 

NaCH-MgSO.+NaBr 

NaCl+KCl+CaCU+MgCl, 

NaCl+KCl+CaCI.+MgSO* 

NaCl+Ka+CaCli+NaBr 

NaCl+KCI+MgCI.+MgSO, 

NaCl+KCI+MgCU+NaBr 

NaCl+KCI+MgSOi+NaBr 

NaCl+CaCl,+MgC!,+MgSO. 

NaCl+CaCI.+MgCI,+NaBr 

NaCl+CaCl.+MgSO^+Na-Br 

NaCH-MgCI,+MgSO.+NaBr  

NaCl+KCt+CaCli+MgCI.+MgSO. 

NftCl+KCl+CaCU+MgCli+NaBr 

NaC!4-KCt+CaCl,+Mg;S0.+NaBr 

NaCl+KCl+MgCl,+MgSOi+NaBr 

NaCl+CftCI,+MgCI,+MgSO«+NaBr 

NaC++KCI+CaCU+MgC!,+MgSO,+NaBr. 
Sea  water 


^^.  Action  of  the  Na  +  Ca  system.  Various  ratio  of  NaCl  and  CaCIj 
concentrations  were  examined,  and  it  was  found  that  the  solution 
which  contained  NaCI  and  CaCli  in  ratio  of  3  : 1-31  : 1  in  mol  concen- 
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tration  was  more  favorable  .than  pure  NaCI  or  CaCl]  solution.     Table 
13  will  serve  as  an  example. 


Jetton  of  Ihe  Na+K  ty»Um  on  Iwrnnetcence.    Experimenlal  temperature  17.6"  to 
iO.O'C. 


COMTKnAltOK  OF  N»CH-  KCL  IK  HDL. 

'r3-S.r 

»  ""S^  o. 

10 
10- 
30 
60 
60 
30 
30 
30 

10 

*»» 

1      +     i 

TABLE  11 
Action  of  the  Na+Mg  tyttem.     Ezperimenial  temperature  14'  to  X8°C. 


nuBor 
FBMnnHca  □» 

ItiDmMiTIOW 

.=■€.»;. 

i   +  0            . 

5 
5 
5 
1             0 
1             0 
1           30 
1           30 
1             0 

20 

kom          HiiBUto. 

H  +  A 

1  +  1  . 

i  +  i 

0  +  1    

5.  Action  of  the  K  +  Ca  system.  Various  ratio  of  KCl  and  CaCU 
concentrations  were  tested  and  it  was  found  that  the  more  K  ion  and 
the  less  Ca  ion,  the  more  favorably  the  solution  acted.  Table  14  will 
serve  as  an  example. 
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6.  Action  of  the  Mg  +  Ca  system.  It  wns  found  that  the  more  the 
concentration  of  Ca  ion,  the  more  unfavorably  the  solution  acted. 
Table  15  will  serve  as  an  example. 

TABLE  11 

Action  of  the  Na+K+Mg  »yaUm.    Experimentat  temperature  ti°  to  tS'C. 


'sExr 

.^H.l. 

1.5 
1 

\»m 

NaCI+KCl+Mga, 

TABLE  I) 

Action  of  the  Na+Ca  tystem.    Experimental  temperatTire  $$.S^  t< 


CONEBHTBATIOH  OF  N»C1  +  CttCU  IH  HDL. 

TIHIOP 

10 
10 
10 
10 
10 
10 

20 
20 
25 

25 

Imri       minuea 

Sea  water 

7.  Action  of  the  Na  +  K  +  Ca  system.  To  test  the  action  of  this 
system,  various  amounts  of  CaClt  were  added  to  the  solution  of  J  mol 
NaCl  +  Vb  mol  KCl,  and  the  effects  of  these  solutions  were  examined. 
The  result  was  that  an  addition  of  CaCl*,  even  in  small  amounts, 
made  the   solution   unfavorable   for   luminescence.     It   is,   therefore, 
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possible  to  assume  that  the  Ca  ion  content  of  the  sea  water  (about 
yiir  mol.  CaCU)  is  unfavorable  to  the  lununescence  of  Watasenia. 
Table  16  will  serve  as  an  example. 

TABLE  II 

Jetton  of  the  K+Ca  sgatem.     Experimenlid  Itrnptralvrt  IS.!"  to  19.8'C. 


Tmor 

TIMIOP 

i    +0    

5 
6 
5 
6 
<6 
<6 
'?5 

6 

30 

KCl+CaCI, 

i  +  i 

30 

0 +1    ■■■ 

TABLE  15 

Action  of  the  Mg+Cs  sytttm.    Ex-perimeTUai  Umperatwe  I8.i 

"  to  19.e'C. 

ILlDmnATIOH 

10 
20 
20 
20 
20 
10 
5 
6 
6 

S 

ininutH 

Mga,+CaCI, 

20 

8.  Action  of  the  Na  +  Mg  +  Ca  system.  It  was  found  that  an  addi- 
tion of  CaClg  to  the  solution  of  }  mol  NaCl  +  iV  mol  MgClt  also  made 
the  solution  unfavorable  for  luminescence.  Table  17  will  serve  aa  an 
«xample.  The  absolute  value  of  the  time  in  this  table  is  shortened 
■due  to  a  high  experimental  temperature. 
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9.  Acli(m0ftheNa  +  K  +  Mg+  CasysUm.  Lastly  it  was  found  that 
an  addition  of  CaCl»  to  the  solution  of  i  mol  NaCl  +  A  mol  KCl  + 
■jV  mol  MgCI*  also  made  the  solution  unfavorable  for  the  luminescenc& 
of  Watasenia.    Table  18  will  serve  as  an  example. 

TABLB18 

Action  of  the  Na+K+Cn  tyatem.    Experimental  temperature  17.0"  to  Bt.S'C. 


coHcmraATiciH  or  NaCI  +  Ka  +  Cadi  m  uol. 

'.■~:£r 

S^.11,%. 

40 

t  J.    1    J.    1 

4 

TABLE  17 

Action  o/  the  Na+Mg+Ca  tyttem.    Experimental  lemperatwe  ffl  to  » 


40 
5 
5 
5 
5 
5 
5 
5 

5 

40 

30 

20 

ao 

The  results  mentioned  above  may  be  summed  up  as  follows:  When- 
all  saline  components  of  the  sea  water  (NaCI,  KCl,  CaCIs,  MgCli, 
MgS04  and  NaBr)  are  contained  in  a  solution  in  the  same  concentra- 
tion as  in  the  sea  water,  the  favorable  ions  for  the  production  of  light 
are  in  the  order  of  Mg,  K  and  Br,  while  the  most  unfavorable  one  i» 
Ca. 
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The  most  favorable  ratio  of  concentration  of  NaCl  and  EC1  agrees 
with  the  ratio  in  which  these  two  substances  are  found  in  sea  water. 

The  favorable  action  of  Mg  ion  pn  luminescence  increases  in  pro- 
portion to  its  concentration,  quite  independently  of  the  other  co-exist- 
ing ions. 

Ca  ion  diminishes  the  favorable  action  of  K  or  Mg  ion  on  lumi- 


TABLE  IS 

Action  of  the  Na+K+Mg+Ca  tyilem.    Experimental  temperature  te'  to  BS'C. 

COHOHTBATIOH  OF  NaCI  +  KCI  -t-  U|Cb  +  CaClt  IK  hol. 

Tiua  or 

NaCI +KC1 + MgCI,+CaCI, 

i  +  A  +  A+  0 
i  +  A  +  A  +  .ii 

i   +   A+  A    +TiT 

i  + A  +  A+  A 
i  + A  + A+  A 
1  +  A  +  A  +  A 
*  +  A+A+  A 
i  +  A  +  A+   i 

iBJniKN 
40 
5 

5 
5 
5 
5 
5 
6 

6 

■•Mum 
60 
40 
«, 
40 

20 
20 
20 

>60 

SUMMARY 

1.  Hypotonic  sea  water  lower  than  A=  — 1.8''C.  (the  osmotic  pres- 
sure of  normal  sea  water)  is  unfavorable  for  the  maintenance  of  life 
of  Watasenia.  An  osmotic  pressure  lower  than  A=  — 1,5''C.  shortens 
the  length  of  its  life  remarkably.  This  is  the  main  reason  why  this 
animal  cannot  live  in  the  upper  layer  of  the  sea  water,  which  has  a 
very  low  osmotic  pressure. 

2.  The  descriptions  of  luminescence  of  the  living  Watasenia  are  to 
be  found  in  the  text. 

3.  The  phenomenon  of  luminescence  in  this  animal  is  of  the  intra- 
cellular type.  The  luminous  organ  of  this  animal,  therefore,  is  not 
Buitable  for  extraction  of  the  luminous  substances. 

4.  The  phenomenon  of  luminescence  of  this  animal  is  evidently  due 
to  an  oxidation.  The  disappearance  of  illumination  is  observed  in 
the  case  of  absence  of  oxygen  and  its  reappearance  on  admission  of 
oxygen. 
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5.  Alcohol,  ether  and  chloroform  inhibit  this  phenomenon  in  a  few 
minutee,  though  in  the  first  stage  of  the  process  they  excite  the  pro- 
ductioD  of  light  to  a  certain  degree.  The  power  of  illumination  is 
quickly  recovered  on  the  removal  of  the  narcotics. 

6.  The  most  favorable  temperature  for  the  production  of  light 
extends  from  16"  to  Sl^C  A  lower  or  higher  temperature  than  the 
above  gradually  diminishes  the  illumination  and  ultimately  puts  an 
end  to  it.  This  action  is  reversible.  A  higher  temperature  than  49''C. 
destroys  the  luminous  power  owing  to  heat  coagulation. 

7.  Direct  sunlight  has  no  influence  upon  the  luminescence  of 
Watasenia. 

8.  The  most  favorable  osmotic  pressure  for  the  production  of  light  is 
from  0.2  times  to  1.5  times  of  that  of  the  sea  water  (A  ■■  — 1.8''C.). 
Hypotonic  or  hypertonic  pressures  lower  or  higher  than  these  values 
inhibit  the  production  of  light.  Initial  excitation  is,  however,  seen  in 
tite  fonner  case  but  not  in  the  latter. 

9.  Both  hydrogen  and  hydroxyl  ions  first  excite  the  production  of 
light,  and  then  inhibit  it  after  a  certain  time.  Hydrogen  ioira  destroy 
the  luminous  power  while  hydroxyl  ions  have  no  injurious  action  upon 
it,  when  they  are  in  less  concentration  than  Vr  normal. 

10.  The  action  of  alkali  and  earth  alkali  metal  ions  on  the  lumi- 
nescence of  the  animal  is  in  the  following  order: 

The  exciting  action  in  the  initial  stadium: 

CatioDB Mg  >  K,  Ca  >  Na,  Li,  Ca,  8r,  Ba  >  Rb 

AnioM I,  NO,  >  SO,  >  Br,  CI,  8,0,  >  NO, 

The  action  concerned  in  the  persistence  of  the  spontaneous  illum- 
ination : 

Cationa Mg,  Li  >  Na,  K,  Ca,  Sr  >  C«,  Ba,  Rb 

AnioDS SO,,  Srf),  >  I,  Br,  CI,  NO,  >  NO, 

The  action  concerned  in  the  persistence  of  the  luminous  power: 

Cations Mg,  Li  >  Na,  K,  Ca,  Sr  >  Cs  >  Ba,  Rb 

Anions SO,  >  S,0,,  I,  Br,  CI,  NO,  >  NO, 

Among  them  the  Mg  ion  is  the  most  favorable. 

Ferrous,  manganese  and  zinc  ion,  the  bivalent  heavy  metal  ions 
tested,  destroy  the  luminous  power  with  some  initial  excitation. 

11.  When  all  saline  components  of  the  sea  water,  i.e.,  NaCl,  KCl, 
CaClt,  MgClj,  MgSOt  and  NaBr  are  contained  in  a  solution  in  the 
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same  concentration  as  in  the  sea  water,  the  favorable  ions  for  the 
production  of  light  are  in  the  order  of  Mg,  K  and  Br,  while  the  most 
unfavorable  one  is  Ca. 

The  most  favorable  ratio  of  concentration  of  NaCl  and  KCI  agrees 
with  the  ratio  in  which  these  two  substances  are  found  in  sea  water. 

The  favorable  action  of  the  Mg  ion  on  luminescence  increases  in 
proportion  to  its  concentration,  quite  independently  of  the  other 
co-existing  ions. 

The  Ca  ion  diminishes  the  favorable  action  of  the  K  or  Mg  ion  on 
the  luminescence  of  the  animal. 

In  conclusion  the  writer  wishes  to  express  his  thanks  to  Prof.  ^. 
Isbikawa  for  his  kind  direction  and  also  to  Prof.  C.  Ishikawa  for  his 
information  about  the  morphology  of  Watasenia. 
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INTRODUCTION 

I^ogress  in  medicine  ifi  intimately  connected  with  animal  experi- 
mentation, particularly  the  reproduction  of  himian  diseases  in  the 
lower  animals.  It  seems  almost  superfiuous  to  call  attention  to  the 
great  benefit  which  modem  medical  science  has  derived  from  the 
successful  reproduction  in  the  common  laboratory  animals  of  such 
infectious  diseases  as  rabies,  tuberculosis,  trypanoeomiasis,  syphilis, 
etc.  Discoveries  of  this  nature  are  usually  followed  by  more  rational 
methods  of  diagnosis,  prevention  and  treatment.  This  applies  equally 
well  to  the  diseases  of  dietary  origin,  which  group  includes  the  so- 
called  deficiency  diseases  of  which  beri  beri  is  the  best  known  example. 
Thus  it  cannot  be  questioned  that  Eijkman's  discovery  that  polyneu- 
ritis in  fowls  could  be  induced  by  an  exclusive  diet  of  polished  rice  has 
very  materially  contributed  to  our  present  conception  of  the  etiology 
of  beri  beri  and  its  prevention. 

The  study  of  deficiency  polyneuritis  is  also  intimately  connected 
with  the  more  recent  development  of  the  physiolc^cal  aspects  of  nutri- 
tion inasmuch  as  it  has  been  shown  that  beri  beri  is  due  to  a  deficiency 
of  the  diet  in  a  definite  substance  (antineuritic  vitamine),  which  is 
essential  for  normal  nutrition.  From  this  standpoint  the  study  of 
beri  beri  in  animals  will  undoubtedly  shed  some  light  on  the  physio- 
It^cal  function  of  the  antineuritic  vitamine.  All  we  know  at  the 
present  time  regarding  this  function  is  that  a  certain  minimal  amount 
of  this  substance  must  be  present  in  the  diet  in  order  to  permit  normal 
growth  of  the  young  and  the  maintenance  of  weight  and  health  of  the 
adult  animal  and  man. 

Although  birds  are  very  satisfactory  for  certain  work  on  polyneu- 
ritis, their  usefulness  is  obviously  limited  inasmuch  as  their  anatomy 
558  " 
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and  physiological  behavior  differ  considerably  from  thoae  of  mam- 
malia. The  present  investigation  aimed,  therefore,  primari  y  at  the 
production  of  deficiency  polyneuritis  in  animals  which  were  more 
closely  related  to  man  and  which  could  be  used  to  better  advantage  in 
studio  on  experimental  polyneuritis  and  the  physiological  function  of 
the  antineuritic  vitamine, 

LileratuTe  referring  to  mammalian  polyneuritis.  A  perus&l  of  the  literature  on 
beri  beri  and  deficienoy  polj^euritis  shows  that  several  investigators  have  ob- 
served symptoms  and  pathological  lesions  in  mammals,  resembling  very  closely 
those  characteristic  of  beri  beri.  However,  no  flystematio  attempt  seems  to- 
have  been  made  to  identify  this  condition  is  true  polyneuritis  due  to  a  dietary 
deficiency. 

De  Laoerda  ('85)  reports  a  study  of  a  disease  extensively  prevalent  among 
horses  and  hop  in  Brasil.  This  author  calls  attention  to  the  great  similarity 
of  this  disease  with  beri  beri,  and  also  emphasiies  the  fact  that  carnivorous 
animals  seemed  to  be  refractory  to  it. 

Hose  ('05)  very  briefly  refers  to  a  feeding  experiment  with  three  monkeys 
{Macacus  nemestrinus)  on  rice.  "One  of  the  monkeys  exhibited  no  special  symp- 
toms, but  the  other  two  developed  some  of  .the  characteristic  nervous  symptoms 
of  beri  beri." 

Brsddon  ('07}  in  his  book  on  the  cause  aad  prevention  of  beri  beri  graphically 
describes  a  disease  which  he  observed  in  India  among  horses  fed  on  rice  paddy. 
From  his  description,  he  was  dealing  with  a  disease  very  similar  to  beri  beri. 

Schaumann  ('10)  reports  experiments  on  a  few  rats  and  dogs  which  he  fed  on 
"denatured"  horse  meat.  The  animals  lost  body  weight  and  after  several  weeks 
exhibited  paralytic  symptoms.  Theperipheralnervesrevealed  myelin  degenera- 
tion of  a  rather  mild  degree. 

Shiga  and  Kusama  ('11)  fed  two  Japanese  monkeys  {Afaeactu  cynomolgut) 
exclusively  on  boiled  rice.  One  of  the  animals  became  emaciated  and  on  the 
37th  day  of  the  experiment  developed  paretic  symptoms  in  his  hind  legs.  The 
other  monkey  died  after  five  months  from  generalized  tuberculosis,  without 
having  shown  any  paralytic  symptoms.  The  necropsy  findings  of  the  paretic 
animal  included  a  slight  oedematous  condition  of  the  lower  parts  of  thehindlegs, 
increased  pericardial  fluid,  enlargement  of  the  heart  and  oedema  of  the  posterior 
lobes  of  the  lungs.  Histological  examination  of  the  peripheral  nerves  showed  a 
number  of  degenerated  fibers. 

Rommel  and  Vedder  ('15)  report  a  few  experiments  in  which  beri  heri-like 
symptoms  were  observed  in  pigs  ted  on  rice. 

Andrews  ('12)  produced  polyneuritis  in  seven  young  puppies  which  were 
nursed  by  Philippine  mothers  whose  infants  had  died  of  beri  beri. 

Osborne  and  Mendel  and  McCollum  and  his  collaborators  in  their  work  on 
growth  Btat«  that  they  have  frequently  observed  polyneuritis  in  albino  rats 
which  were  fed  on  a  deficient  diet.  We  are  able  to  confirm  these  findings,  but 
we  also  should  like  to  point  out  the  limited  usefulness  of  rats  on  account  of  their 
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In  summing  up  this  review  of  the  literature  pertaining  to  experimentftl  mam- 
malian polyneuritis  it  is  evident  that,  bo  far,  no  method  is  available  by  which 
thie  dieease  can  be  produced  with  any  degree  of  certainty  in  the  larger  mam- 
malia nor  have  most  of  the  previous  inveBtigatore  clearly  demonstrated  that  the 
disease  which  they  observed  was  due  solely  to  a  deficiency  of  the  diet  in  anti- 
neuritic  vitamine. 

EXPERIMENTAL    PART 

The  experiments  which  will  be  reported  in  the  following  pages  were 
carried  out  on  dogs,  cats  and  albino  rats.  Frwn  preliminary  experi- 
ments it  soon  became  evident  that  cat«  seemed  to  respond  to  a  defi- 
cient diet  with  the  greatest  regularity  and  for  this  reason  most  of  the 
work  dealt  with  this  species. 

In  regard  to  the  selection  of  the  food,  the  dietary  habits  of  the  vari- 
ous animals  had  to  be  taken  into  consideration.  It  stands  to  reason 
that  a  carnivorous  animal  cannot  be  fed  satisfactorily  on  vegetable 
foods  to  which  it  ia  not  accustomed.  It  should  therefore  be  empha- 
sized that  the  successful  prosecution  of  work  of  this  kind  depends 
mainly  on  a  proper  selection  of  the  diet.  For  instance,  adult  d<^  and 
cats  can  be  kept  for  many  weeks  and  months  in  perfect  health  on  an 
exclusive  diet  of  beef.  This  food  evidently  fulfills  all  the  dietary 
requirements  for  this  species  and  was,  therefore,  adopted  in  this  inves- 
tigation. Rats,  being  omnivorous  animals,  can  be  maintained  for  a 
limited  period  on  meat,  but  as  already  pointed  out  by  Watson  and 
Hunter  ('06),  prolonged  meat  feeding  ultimately  leads  to  various 
pathological  changes. 

The  question  arose  as  to  whether  it  was  possible  to  destroy  the 
antineuritic  substance  of  beef  without  otherwise  altering  the  dietary 
value  of  this  food.  As  will  be  seen  from  the  results  to  be  described, 
meat,  even  when  heated  for  three  hours  at  120''C.,  is  still  a  fairly  satis- 
factory food  for  cats  although  its  antineuritic  power  is  somewhat 
reduced  by  the  heating.  As  exposure  of  the  beef  to  a  relatively  high 
temperature  did  not  seem  to  yield  a  product  devoid  of  antineuritic 
power,  it  was  thought  that  a  combination  of  heat  and  alkali  might 
accomplish  this  purpose.  Voegtlin,  Sullivan  and  Myers  ('16),  for 
instance,  had  discovered  the  fact  that  the  antineuritic  substance  of 
"whole"  commeal  is  destroyed  or  inactivated  in  baking  cornbread  in 
the  presence  of  alkali  (sodium  carbonate).  Various  other  investi- 
gators, working  on  the  chemical  isolation  of  the  antineuritic  vitamine, 
had  also  recognized  the  deleterious  action  of  alkalies  on  vitamine 
solutions. 
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On  the  basis  of  these  considerations  and  Schaumann's  experiments, 
the  meat  was  prepared  in  the  following  manner:  Lean  beef^  is  put 
through  a  hashing  machine.  It  is  then  treated  under  stirring  with  a 
10  per  cent  solution  of  sodium  carbonate  until  the  mixture  is  distinctly 
alkaline  to  htmus  paper.  The  meat  is  then  heated  in  an  autoclave  for 
three  hours  at  120''C.  After  cooling,  sufficient  dilute  hydrochloric 
acid  is  added  to  neutralize  the  mixture,  using  litmus  paper  as  an 
indicator 

In  order-to  detertnlne  whether  heat  alone,  in  the  absence  of  an  alka- 
line reaction,  might  destroy  the  physiological  activity  of  the  antineu- 
ritic  vitamine,  a  number  of  animals  were  fed  on  beef  which  had  been 
heated  for  three  hours  at  120''C  without  the  previous  addition  of 
sodium  carbonate. 

Moreover,  the  possibility  of  a  combined  action  of  heat  and  alkali 
on  meat  constituents  other  than  the  antineuritic  vitamine  had  to  be 
taken  into  consideration.  It  was  possible,  although  not  very  probable, 
that  the  sympttmis  observed  in  animals  fed  with  alkah-treated  meat 
might  have  been  due  to  a  destruction  of  certain  essential  amino  acids 
or  the  fat-soluble  vitamine.  The  first  possibility  was  met  by  adding 
purified  casein  to  the  alkali  sterilized  meat;  the  second  by  adding  a 
certain  percentage  of  butter,  a  food  which  is  known  to  contain  a  con- 
siderable amount  of  the  fat-soluble  vitamine. 

The  cats,  dogs  and  rats  were  kept  during  the  whole  period  of  the 
experiment  in  small,  well  ventilated  rooms.  During  the  colder  season 
of  the  year  it  was  found  necessary  to  provide  sufficient  heat  to  prevent 
the  occurrence  of  distemper.  The  cats  and  dogs,  fed  on  the  deficient 
diet,  seemed  extremely  susceptible  to  this  disease  and  we  lost  a  great 
number  of  the  animals  from  this  cause  until  the  rooms  were  properly 
heated.  After  this  precaution  was  taken  there  were  no  further  cases  of 
distemper.  A  sufficient  supply  of  fresh  water  was  provided  for  all 
animals. 

The  following  tables,  protocols  and  charts  illustrate  the  main  results. 

'  It  ia  important  that  most  of  the  fat  be  removed  from  the  meat  as  otherwise 
the  alkali  will  cauae  conaiderable  aaponification  during  the  subsequent  heating.  . 
When  this  precaution  ia  neglected  the  animala  do  not  aeem  to  relish  the  meat 
and  often  refuse  to  eat  it  altogether. 
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PolyneuritiipTodveedincaUbyadietofUanbeef,  heated  for  iHree  howi  at  ltO°C. 

in  the  preienet  of  todium  carbonate 


Sill  day:  Died 

NecTiypey:  No  m&rked,  ktosb  p&thotogical  findings 

SSnd  day:  Slight    paralysis  of    legs  and  convulsive 

tSrd  day:  Received  20  ce.  ftutolyied  yeast  filtrate  by 

Btomach  tube 
tith  day:  Conaiderably  improved.     Has  distemper 
tSlh  day:  Died.     Slight  gastro-enteritis 
Vagus  and  sciatic:  Myelin  degeneration 

t7lh  day:  Complete  leg  paralysis.  Ob  being  handled, 
develops  clonic  spasm.  Pupils  react  very  sliig- 
gishly  to  stroDg  light.  Given  20  ce,  autolyied 
yeaet  filtrate  by  etomach  tube 

18th  day:  Considerably  improved.  Site  in  Dormal 
position.     No  coovulsions.     Has  distemper 

18th  day:  No  convuIsionB  or  marked  paralysis,  but 
appears  sick 

SOlh  day:  Pound  dead 

Purulent  tracheo-bronchitis.  Lungs:  passive  con- 
geation  and  oedema.  Sciatic:  mild  myelin  degen- 
eration 

tltl  day:  Marked  leg  paralysis  and  clonic  conrulsions 
Stnd    day:  Signs    of    distemper    noticed.    Paralytio 

symptoms  more  pronounced 
iSrd  day:  Receives  20  cc.  autolyied  yeast  filtrate  by 

stomach  tube.  Most  of  this  is  lost  by  vomiting 
t4th  day:  Slightly  improved.  20  cc.  yeast  filtrate 
iSlh   day:  Paral3rsis    much    improved.       Distemper 

tSth  day:  Died,  Purulent  bronchitis.  Pulmonary 
congestion.  Slight  gastritis.  Sciatic  and  vagus 
show  some  degenerated  fiber 
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ISth  day:  SpMticity  of  hind  legs,  slight  clonic  con- 

vulsions 
tOth    day:  Condition    unchanged.    Resp.    28;    pulse 

198;  rect.  tflmp.  38.6°C. 
ilet  day:  Par&lyetB  worse;  resp.  33;  pulse  186;  rect. 

tttid  day:  Severe  convuleionB ;  reap,  rapid  &nd  labored 
MSrd  day:  Found  dead.    Sciatic:  foamy  appearance, 
mild  degeneration 

18th  daj/:  Walks  with  marked  incodrdination  and 
weakness  of  hind  lege;  falls  often;  reap.  32;  pulse 
172,  rect.  temp.  36.5'^I).    Knee  jerks  present 

iOtk  day:  General  appearance  about  same  as  last 
Doted.  Still  shows  incoordination.  Has  convul- 
sions lasting  a  few  seconds 

Mitt  day:  Much  worse,  resp.  70.  pulse  68;  rect.  temp. 
34'C. 

Itnd  day:  Found  dead.  No  marked  gross  patho- 
logical finding.    Sciatic  slightly  degenerated 

lith  day:  Semi-comatose;  unable  to  walk;  knee  reflex 
present.  Slight  conrulsions.  Resp.  18;  pulse  48, 
rect.  temp,  below  32*0.  Died  at  10  p.m.  No 
marked  gross  pathological  findings  except  consider- 
able emaciation  and  slight  nephritis.  Sciatic: 
foamy  appearance  of  many  fibers 

t^h  day:  Walks  with  marked  spasticity  of  legs 
tSlh  day:  Found  dead 

NecTopiy:  Purulent  bronchitis;  otherwise  normal- 
Sciatic  shows  many  fibers  with  segmentatLon  and 

foamy-like  structure 
I9th  day:  UnBteadygait,eHpeciallymarkedin  hind  legs 
tOtk  day:  Definitely  worse,  plaintive  cry,  cannot  Cake 

more  than  a  few  steps  without  falling,  refuses  food 
tl»t  day:  Unable  to  walk,  resp.  46,  somewhat  labored. 

Given  20  cc.  autolyced  yeast  filtrate  by  stomach 

tube  at  11.35 
lind  day:  Much  improved,  walks  about  without  much 

difficulty,    appetite    returned.    Seems    to    relish 

steriliied  meat 
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t4th  day:  Walks  about  normally,  Beems  to  be  in  fair- 
cooditioa.    Given  15  cc.  autotyped  yeast  filtrate. 

tSlh  day:  Not  a.  trace  of  paresis,  seems  quite  lively. 
Given  15  ec.  autolyied  yeast  filtrate 

tSth  day:  Normal  appearance,  IS  cc.  autolyzed  yeast 
filtrate.     Eats  normally 

*7iA  day:  Seems  perfectly  normal 

V>th  day:  Still  in  excellent  condition.  Is  fed  from 
now  on  daily  with  alkali  sterilized  meat  to  which 
3  cc.  of  autolysed  yeast  filtrate  per  kilo  of  body- 
weight  is  added.  Has  gained  considerably  in  body- 
weight 

liOth  day.  Still  in  excellent  coadition.  Body  weight 
18  per  cent  above  initial  weight.  Administratioit 
of  yeast  filtrate  is  discontinued 

tUlk  day:  Refuses  food.  Seems  to  be  weak.  Has  no- 
convulsions 

tlSlh  day:  Staggering  gait 

iietk  day:  Found  dead.    Loss  of  weight  23  per  cent 

iSrd  day:  Marked  inco6rdination  when  attempting 
to  walk,  falls  over  as  if  intoxicated.  Clonic  con- 
vulsions, opisthotonus  at  times.  Refused  to  eat 
for  last  two  days.  Given  20  cc.  autolyzed  yeast 
filtrate.  Complete  recovery  of  general  health  and 
body  weight  during  the  following  weeks  on  a  diet  of 
alkali  sterilized  meat  +  1-5  cc.  yeast  filtrate  per  kg. 
body  weight 
HOth  day;  Animal  in  excellent  condition 

tOth  day:  Marked  ataxia,  from  time  to  time  has  se- 
vere clonic  convulsions,  during  which  head  and 
neck  are  bent  forward.  Plaintive  cries.  Reap.  25, 
pulse  180;  rect.  temp.  37.3°C.  Refuses  food.  Legs 
show  spasticity.  Given  20  cc.  yeast  vitamine 
(FeCI.,  vitamine  no.  3} 

tisl  day:  Can  walk,  shows  but  little  incoordination. 
Spasticity  of  legs  has  almost  completely  disap- 
peared. No  more  convulsions.  Given  20  cc.  yeast 
vitamine  (FeCl.  ■ 
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TABLE  1-Oiitl.nuMl 


find  day:  Improved,  but  does  not  eat;  given  20  cc. 

autolyzed  yeaat  filtrate.    Resp.  21;  pulse  162;  rect. 

temp.  38.2°C. 
tSrd  day:  Condition  sliglitly  worse;  one  convulsion; 

given  25  cc.  autolyzed  yeast  filtrate 
tilhd  day:  Seems  very  much  improved;  ate  some 

food;  does  not  cry;  pulse  134;  rect.  temp.  38.8*0. 

Accidentally  killed  by  passing  stomach  tube  into 

trachea  during  administration  of  yeast  filtrate 

litfi  day:  Lost  appetite  during  last  week.  Shows 
very  definite  spastic  condition  of  legs.  Arches 
back  and  shows  typical  high  stepping  gait  in  hind 
legs.    Pulse  192;  rect.  temp.  SS-a'C. 

tBth  day:  Condition  unchanged 

tGlh  day:  Symptoms  more  pronounced.  Consider- 
able spasticity;  convulaiona;  given  25  cc.  autolyzed 
yeast  filtrate,  most  of  which  was  vomited  up  a  few 
minutes  later.  An  additional  15  cc.  was  given 
and  retained 

t!tk  day:  Appears  much  improved;  walks  about  nor- 
mally; does  not  show  much  spasticity;  from  this 
date  on  animal  made  rapid  recovery,  so  far  as  gen- 
eral condition  and  body  weight  are  concerned, 
without  any  change  in  diet  except  that  cat  receives 
daily  4  cc.  autolyzed  yeast  filtrate  per  kilo  body 
weight 

ISltl  day:  Animal  in  excellent  condition.  Gain  of 
body  weight  25  per  cent 

181k  day:  Considerable  ataxia  when  walking.  Few 
severe  convulsions  laflting  a  few  seconds  cacti  are 
noted.  Plaintive  cry.  Pulse  200;  regular;  resp. 
36;  rect.  temp. 37.3°C.  Paralyticsymptomsslightly 
improved,  but  after  some  exercise  symptoms  grad- 
ally  grow  worse.    Marked  flow  of  tljick  saliva 

19th  day:  Resp.  shallow  and  irregular;  faulty  pulse; 
rect.  temp.  SS.S^C;  given  15  cc.  yeast  vitamine 
(FcCl]  vitamine  no.  3,  equivalent  to  37.5. 
autolyzed  yeast  filtrate) 
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Both  day:  Walks  about  room  with  consideTable  inco- 
ordination but  is  very  much  improved.  Still 
refuses  food.  This  aDimal  gradually  improved  af  t«r 
receiving  another  dose  of  ferric  chloride  yitamine, 
followed  by  daily  administration  of  4  cc.  autolyied 
yeast  filtrate  per  kg.  body  weight 

The  body  weight  returned  normal  and  the  symptoms 
entirely  disappeared 

UOtk  day:  Animal  in  excellent  condition.     Escapes 

BSTd  day:  Hind  legs  completely  paralysed.  Unable 
to  stand.  Occasional  clonic  convulsions  lasting 
for  a  few  seconds.  Pupils  dilated;  react  very,  slug- 
gishly to  strong  light 

BUh  day:  Found  dead     ■ 

NecTopiy  finding:  lungs  slightly  congested.  In- 
crease in  pericardial  fluid.  Fatty  liver.  Kidney 
pale.  Oall  bladder  distended.  Castro-intestinal 
tract  normal.  Sciatic  shows  extensive  myelin 
degeneration.    Vagus  only  slightly  degenerated 

iOtk  day:  Several  severe  convulsions  lasting  few 
seconds.  Walks  with  practically  normal  gait  dur- 
ing intervals.  Pulse  rate  high  (cannot  be  counted) 
and  resp.  normal 

41  it  day:  When  attempting  to  walk  falls  over.  Pa- 
ralysis especially  noticeable  in  hind  legs.  Fairly 
well  nourished.  Pupils  enlarged;  react  very  slowly 
and  incompletely  to  stiong  sunlight.  Pulse  240, 
regular;  resp.  52;  shallow,  irregular,  with  tendency 
to  stop  during  expiration.  Plaintive  cry.  Con- 
vulsions can  be  elicited  by  handling  the  animal. 
Excessive  secretion  of  thick  saliva.  Used  for 
blood  pressure  experiment 

Necropsy  findingt:  Increase  in  clear  pericardial 
fluid.  Slight  pulmonary  congestion.  Fatty  liver. 
Spleen,  stomach  and  intestine  normal.  Kidney 
pale.  Sciatic  shows  diffuse  degeneration.  Vagus 
very  slightly  degenerated 
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47lh  day:  Animal  unable  to  stand  up;  parslyaia  eape- 
cially  marked  in  hind  legs.  Pupils  enlarged. 
Pulse  very  faflt.     Reap.  45,  somewhat  labored 

iSlh  day:  Condition  unchanged,  ParalyBia  more 
marked.    No  convulaioDs 

^thday:  Found  dead 

Necropsy  findings:  Lunga  normal;  heart  enlarged; 
liver  fatty;  otherwise  no  significant  changes.  Sci- 
atic; most  fibers  show  moderate  degree  of  myelin 
degeneration 

S9th  day:  Animal,  after  walking  about  room  for  some 
time,  develops  slight  paralytic  symptoms 

40lh  day:  Convulsions  have  appeared.  During  in- 
tervals between  convulsions  cat  stands  with  legs 
spread  apart.  Hind  legs  especially  weak.  When 
walking,  hind  legs  g;ive  way  and  cat  falls  on  floor. 
Pupils  dilated;  resp.  56;  irregular,  largely  abdom- 
inal in  character.    Pulse  240  when  lying  quietly 

41st  day:  Complete  paralysis  of  legs.  Unable  to 
stand  up.    Lying  on  side.    Resp.  40,    Pulse  240 

4tnd  day:  Found  dead 

Necropsy:  Fatty  appearance  of  liver.  Other  organs 
practically  normal.  Sciatic  shows  foamy  appear- 
ance and  only  alight  degeneration 

S8lh  day:  Able  to  stand  up  but  falls  down  when  at- 
tempting to  walk;  paralysis  especially  pronounced 
in  hind  legs.  Arched  back.  Has  convulsions  at 
frequent  intervals.  Reap.  53;  regular,  largely 
abdominal;  pulse  152,  fairly  regular 

S9th  day:  Paralysis  of  hind  legs  complete.  Has  tend- 
ency to  crawl  in  circle  to  right.  Holds  head  to 
right  side.  Plaintive  cry.  Palpebral  fissure  en- 
larged and  pupils  dilated.  Resp.  72;  pulse  232. 
Given  subcutaneously  4  cc.  (80  mgm.)  yeast  vita- 
mine  fraction 
iOth  day:  Seems  to  be  slightly  improved.  Given  30 
.  autolyzed  yeast  filtrate 
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ilst  day:  Very  marked  improvement.  Animal  atanda 
up  Bad  walke  with  pronounced  ataxia.  No  convul- 
Biona.    Given  20  cc.  autolyied  yeast  filtrate 

itnd  day:  Paralytic  Hymptoms  further  improved. 
Appetite  has  returned^  10  cc.  autolyied  yeaat  fil- 
trate given.  Treatment  from  here  on  omitted  and 
cat  finally  died  S  daya  later,  after  return  of  eymp- 

Slat  day:  Swaying  gait.  Haa  convulaione  from  time 
to  time.  Does  not  appear  to  be  in  pain.  Pulse 
84,  irregular.    Respiration  labored  at  times 

3tnd  day:  Condition  unchanged;  animal  used  for 
blood  pressure  experiment 

Necropsy  findingt:  Heart  normal,  very  small  con- 
geeted  area  in  right  lung.  Liver  haa  fatty  appear- 
ance. Spleen,  intestine  and  kidneys  normal  in 
appearance.  Sciatic  shows  advanced  myelin  de- 
generation. Vagus,  fairly  well  marked  degeneration 
with  foamy  appearance 

S4lh  day:  Has  severe  leg  paralysis.  Unable  to  stand. 
Crawls  about.  Reap,  is  periodically  very  rapid 
and  labored.  Pulse  200,  Animal  used  for  blood 
pressure  experiment.  Sciatic  ahowa  very  extensive 
myelin  degeneration 

3Slh  day:  Has  several  convulsions  lasting  for  a  few 
seconds  each.  Pulse  very  rapid;  impossible  to 
count;  resp,  normal 

SBth  day:  Condition  unchanged 

S7th  day:  Legs  show  very  marked  paralysis;  reap. 
irregular  and  labored.  Heart  rate  very  rapid. 
Pupils  enlarged 

SSth  day:  Symptoms  still  further  aggravated.  Ani- 
mal Btill  able  to  walk.  Pulse  250.  Resp.  irregular, 
spasmodic  at  times.  Haa  refused  food  for  several 
days.  Animal  used  for  blood  pressure  experiment. 
Sciatic  and  vagus  show  moderate  myelin  degenera- 
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'Ptdyneuritit  produced  in  ealg  by  a  diet  of  lean  beef,  healed  for  three  hours  at  ItO^C, 

in  the  presence  of  todium  carbonaie.     (Effect  of  addition  of  purified 
caeein,  or  butterfat,  or  both) 


(to  per  cent  purified  caeein  xoaa  added  to  the  meat,  after 
removal  from  the  aviocUwe) 

B8th  day:  CoDBiderable  weakneBs  in  hind  legs 

STth  day:  WeaknesB  in  hind  legs  more  marked.  Palls 
over  when  attempting  to  walk 

60th  day:  Symptoma  have  gradually  increased  ia 
severity  during  last  3  days.  Marked  paralysis  of 
the  hind  legs.  Intermittent  convulsionB  observed. 
Cat  found  lying  on  side  in  an  unconscioua  condi- 
tion. Pupils  contracted.  Corneal  reflex  practi- 
cally absent.  Respiration  abdominal;  shallow  and 
irregular.  Heart  beat  96,  regular  but  very  feeble. 
Pulse  in  femoral  artery  cannot  be  made  out.  Body 
cold.    Dies 

Neeropay:  Elmaoiated  body.  Mechanical  stimula-. 
tion  of  phrenic  causes  contraction  of  diaphragm; 
that  of  sciatic,  contraction  of  leg  muscles.  Lungs 
show  small  oedematous  areas.  Heart  dilated. 
Increase  in  pericardial  fluid.  Liver  congeated, 
fatty  appearance.  Gall  bladder  distended.  Spleen 
and  kidney  congested.  Abdominal  lymph  glands 
enlarged.  Stomach  normal  except  coagestioo  of 
fundus.  Small  intestine  normal.  Large  intestine 
filled  with  slightly  bloody  faecal  matter.  No 
oedema  of  subcutaneous  tissue.  Sciatic,  foamy 
appearance 

(10  per  cetU  purified  casein  teae  added  to  the  meal  after 

removrU  from  aulociave) 
Sltt  day:  Walks  with  arched  back,  stiETneas  of  hind 

legs  and  marked  ataxia.     Does  not  appear  to  be  in 

SSrd  day:  Has  clonic  convulsiona,  with  opisthotonus. 
Rigidity  of  legs.  When  walking,  ataxia  is  more 
marked.  Falls  over  at  times  on  account  of  hind 
legs  being  considerably  paralysed.  Rect.  temp. 
37.5°C.  Given  25  cc.  melted  butter  by  stomach 
tube 
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Silk  day:  Paralysia  more  severe.  On  attempting  to 
stand,  faJte  on  side;  atill  has  convulsions.  Sway- 
ing of  anterior  part  of  body  when  attempting  to 
walk.  Pulse  138.  Resp,  normal.  Pupils  reset 
very  sluggishly  to  light.  Tries  to  catch  mouse  but 
Tefusea  to  eat  alkali  treated  beef 

SSth  day;  Completely  paralyied 

Seih  day:  Dead 

NecTOpay:  No  gross  pathological  Gndiogs  except  that 
liver  presents  characteristic  "nutmeg"  appear- 
ance.   Sciatic  shows  mild  myelin  degeneration 

(/O  per  cent  of  ca»ein  and  6  per  cent  of  butler  fat  were 
added  to  the  meat,  after  removal  from  the  autodaee) 

SSrd  day;  Animal  has  clonic  convulsions  with  opis- 
thotonus and  rigidity  of  legs.  Convulsions  appear 
suddenly  during  which  consciousness  is  not  lost. 
Immediately  after  the  convulsions,  which  last  foi 
a  few  seconds,  the  cat  gets  up  and  walks  about 
room,  showing  marked  rigidity  of  legs,  'arched 
back,  swaying  of  posterior  part  of  body  and  high 
stepping  gait.  Pupils  are  enlarged  and  palpebral 
fissure  is  abnormally  great  (exophthalmus). 
Cries,  but  does  not  seem  to  be  in  pain.  Tries  to 
catch  mouse,  but  refuses  to  eat  sterilised  meat. 
Sensation  to  pain  in  legs  not  abolished.  Receives 
at  noon  by  stomach  tube  IS  cc.  of  a  purified  yeast 
vitamine  fraction  2  cc.  of  which  had  caused  the 
complete  recovery  of  a  severely  paralyzed  pigeon 
within  a  few  hours.     2  p.m.  eats  ISO  gm.  of  meat 


SUh  day:  No  convulsions.  Walks  about  room  with- 
out showing  any  paralytic  symptoms 

S&tk  day:  Animal  has  been  free  from  symptoms  until 
today.  Now  shows  high  stepping  gait  and  slight 
swaying  of  posterior  part  of  body.     No  convulsions 

Wh  day:  Has  a  convulsion  immediately  after  being 
taken  out  of  cage.  Recovers  rapidly  and  attempts 
to  walk,  but  falls  over  on  left  side.  Left  hind  leg 
seems  to  be  completely  paralyzed.  When  lying 
quietly  has  normal  appearance,  purrs.  Respira- 
tion 60  abdominal,  irregular.  4.00  p.m.  Given 
per  08  12  CO.  yeast  v 
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(see 
chart  7) 


4Sth  day:  No  convulsiona.  Walks  without  showiag 
paralysis.    Appears  well 

Silk  day:  Showa  alight  weakneBS  in  hind  legs.  No 
citnvutBionB,     Seema  fairly  well 

7Snd  day:  Seems  weak,  but  shows  alsodefinite  ataxia. 
Plaintive  cry 

TSrd  day:  Dead 

Necropsy:  Fairly  well-nourished  body.  Nothing  ab- 
normal except  that  ileum  is  injected  throughout. 
Large  intestine  ooutaina  dry  fecal  matter.  Con- 
siderable peritoneal  fat.  Sciatic,  marked  myelin 
degeneration 

(10  per  cent  edtein  it  added  to  meal  after  it*  removal 
from  the  autoclave) 

tSlh  day:  Considerable  paralysis  of  legs.  OpiathO' 
tonus.     Unable  to  walk.     Plaintive  cry 

SInd  day:  Paralytic  symptoms  have  gradually  be- 
come more  aggravated;  animal  found  dead. 

Neeropay:  Body  in  fair  state  of  nutrition.  No  sub- 
outaneoua  oedema.  Fair  amount  of  subcutaneous 
fat.  Liver  shows  aome  fatty  change.  Kidney, 
cloudy  swelling.  No  other  changes.!  Sciatic, 
slight  myelin  degeneration 

{10  per  cent  eaeein  and  B  per  cent  butter  fat  are  added 
to  meat  after  ite  removal  from  the  avtoeltwe) 

6Sth  day:  Cat  has  been  apparently  well  until  today. 
9  a.m.  Slight  weakness  of  hind  legs.  Droopy.  2.30 
p.m.  Convulsion  with  opisthotonus.  Walks  with 
marked  incoordination 

e3tk  day:  fi  a.m.  Unable  to  stand  or  walk.  Hind  legs 
completely  paralysed.  Uses  front  legs  in  attempt 
to  get  up.  Barely  able  to  crawl.  Still  has  con- 
vulsions.    Refuses  food 

68th  day:  Condition  unchanged 

70th  day:  Stuporous.  Cries  as  if  in  pain.  Leg  paral- 
^ysis  complete 

7lit  day:  Dead 

Necropsy:  Heart  dilated,  flabby.  Liver,  fatty  ap- 
pearance. Spleen  and  kidney  congested.  Spinal 
cord  normal.     Cerebrum  congested 
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PROTOCOLS  -  -    - 

Dog  S  (tee  chart  9) 

On  the  40tb  day  a  careful  examination  of  the  animal  revealed  no  leorbutic 
DOT  neuritie  Bymptoma. 

46th  day.    No  definite  symptomB  except  complete  lose  of  appetite. 

47th  day.  Evidence  of  emaciation.  Pulse  144.  Rectal  temperature  3S.b°C. 
Very  excitable.    Impossible  to  detennine  rate  of  respiration. 

49th  day  at  10  a.m.  Lively  and  seems  to  be  in  good  condition.  Trembles. 
Excitable.    Temperature  3S.1°C. 

50th  day.  Still  refuses  food  but  does  not  appear  sick.  Temperature  SS-S^C- 
Pulse  rate  108. 

Slat  day.    Lively,  no  change.    Temperature  38.6°.    Pulse  rate  124,  irregular. 

52nd  day.  Eats  well.  Temperature  39°.  Pulse  rate  90,  irregular.  Respira- 
tion 20. 

SSth  day.    Has  been  eating  well.    Is  lively  and  of  normal  appearance. 

70th  day.  Appears  very  gaunt.  Shivers.  Unable  to  hold  up  his  head. 
Gait  spastic.  On  taking  a  few  steps  the  hind  legs  stiffen  and  are  dragged.  Can- 
not stand  up  more  than  2  minutes.  Temperature  37.6'^.  Pulse  S6.  Used  for 
blood  pressure  experiment. 

Dog  S  {see  chart  9) 

The  firat  symptoms  were  observed  on  the  46th  day  of  the  experiment,  when 
the  dog  began  to  refuse  his  food. 

48th  day.    Pulse  120.    Respiration  16.    Rectal  temperature  3S.9°C. 

SOth  day.  Dog  lively  and  somevhat  excited.  Pulse  168,  slightly  irregular. 
Rectal  temperature  38.9°C.  After  the  dog  becomes  more  quiet  pulse  drops  to 
140. 

51st  day.  Pulse  105.  Temperature  3g°C.  Still  refuses  food  but  seems  quite 
lively. 

52nd  day.  Eats  a  small  amount  of  food.  Seems  to  be  in  good  condition. 
Pulse  140.    Respiration  20.    Temperature  38.3°C. 

53rd  day.  Appetite  and  general  appearance  good.  Pulse  114.  Respiration 
15.    Temperature  39°C. 

64th  day.  Pulse  104.  Irregular.  Respiration  16.  Temperature  38.7°C. 
From  this  time  to  the  70th  day,  dog  was  apparently  in  good  condition. 

70th  day,  9.30  a.m.  Definite  symptoms  consisting  of  marked  spasticity  of 
hind  legs,  increased  patellar  reflexes.  Pulse  68,  very  irregular.  Respiration 
12.  Temperature  38*0.  On  very  slight  exertion  the  pulse  increases  to  150  and 
the  respiration  to  IS. 

10.30  a.m.    A  mild  convulsion.    Dog  used  for  kymograph  experiment. 

Dog  6.  Male.  10.8  kilos  {see  chart  9) 
Up  to  45th  day  dog  wafi  in  generally  good  condition.  On  this  day  at  9.00  a.m. 
the  doK  was  found  lying  on  floor.  Able  to  stand  up.  Walks  ft  few  steps  with 
staggering  gait  and  falls  down  again.  Appears  gaunt.  Conjunctivitis.  The 
gums  are  slightly  congested  but  show  no  hemorrhages.  Knee  jerks  are  exag- 
gerated.   Refuses  food. 
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12.30  p.m.  Unable  to  sUnd,  Given  SO  cc.  autolysed  yeaat  filtrate  per  stom- 
ach tube.  Some  of  this  yeast  product  was  lost  by  vomiting  (probably  not  more 
than  20  cc.) 

4.30  p.m.    Condition  unchanged. 

46th  day  10.30  a.m.  Appears  greatly  improved.  Walka  almost  normally,  but 
becomes  easily  fatigued  and  falls  on  Boor.  Drinks  water  eagerly.  Pulse  122, 
irregular.    Respiration  JO.    Rectal  temperature  39°C. 

11.30  a.m.     Runs  about  normally. 

11.50  a.m.    After  exercise,  pulse  140;  respiration  12. 

l.Oo  p.m.  Dog  has  been  quiet  for  some  time.  Pulse  112.  Respiration  8. 
Temperature  38.8°C. 

48th  day,  9  a.m.  Walks  almost  normally.  After  walking  about,  pulse  160, 
less  irregular  than  previously.  Respiration  11.  Temperature  33.d°C.  Stilt 
refuses  food. 

4iKh  day.  Gait  is  practically  normid.  Pulse  175.  Respiration  11.  Tem- 
perature SSJ'C.    . 

50th  day.  No  marked  change.  Urine:  considerable  albumen,  hyaline  and 
granular  casts,  bile  pigments,  a  few  pus  and  blood  cells.    Fehling,  negative. 

5lBt  day.  Still  refuses  st«rilized  meat.  No  change  in  condition.  Given 
400  cc.  milk  4-  30  cc.  autolysed  yeast  filtrat«.  Dog  drinks  thb  mixture  with 
eagerneM. 

52nd  day.  General  condition  good.  Has  eaten  some  sterilized  meat.  Given 
400  cc.  milk  +  30  cc.  yeast  filtrate.  The  respiration  has  increased  to  15;  the 
pulse  is  152,    Temperature  38.8''C. 

53rd  day.  Given  400  cc.  milk  +  30  cc.  yeast  filtrate,  which  is  taken  at  once. 
The  conjunctivitis  which  has  been  treated  with  boric  acid  has  practically  cleared 
up. 

54th  day.    Eats  475  cc.  milk  +  30  cc.  yeast  filtrate. 

55th  day.    476  cc.  milk. 

70th  day.  Diet  changed  to  400  gm.  sterilized  meat  +  orange  juice.  This 
food  is  eaten  very  well  by  dog, 

102nd  day.  Dog  has  been  in  fairly  good  condition  until  a  few  days  ago.  No 
paralytic  symptoms  were  observed  and  appetite  was  excellent.  However,  the 
dog  developed  a  skin  disease  (mange)  and  gradually  lost  body  weight.  Today 
the  animalwas  found  dead.  Necropsy  reveals  nothing  abnormal  except  a  slightly 
inflamed  condition  of  gastro-intestinal  tract.    Sciatic  nerve :  myelin  degeneration. 

Dofl  r  (we  chart  10) 

This  animal  during  the  first  part  of  the  experiment  ate  the  alkali -treated 
meat  with  great  avidity. 

On  the  31st  day  the  animal  refused  its  food  and  appeared  to  be  not  as  well 
as  usual,  but  no  paralytic  symptoms  were  observed. 

32nd  day.  Appears  sick.  Refuses  food.  Slight  tremor  of  body.  Falls 
down  on  running  or  turning  quickly.  Knee  reflex  seems  to  be  exaggerated. 
Some  stiffness  of  muscles  of  neck  and  hindlegs.  Gums  normal.  Examination 
of  urine  shows  strongly  acid  reaction;  considerable  heat-coagulable  protein; 
bile  pigment;  a  few  granular  casts.  Rectal  temperature  37.8°C.  Respiration 
20.    Pulse  126,  very  irregular. 
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34th  d&7.  CoaditiOD  slightly  worae.  Out  more  unateuly.  F&lls  over  easily. 
Pulse  SO,  irrepilu'-    Respiratioa  20.    Rectal  temperature  3S.3*C.    Vomits. 

35th  day.  Condition  of  dog  becoming  progressively  worse.  Can  still  walk 
but  fails  easily.  R«flexeB  euiggerated.  Pulse  130,  very  imgular.  Respira- 
tion 30.    Rectal  temperature  37.e"C.    Used  for  blood  pressure  experiment. 

Dog  10  (ttt  chart  10) 

This  animal  ate  well  and  was  in  good  condition  during  the  first  28  days  of  the 
experiment.  From  this  time  on  the  appetite  decreased  and  on  the  43nd  day  the 
dog  showed,  for  the  first  time,  definite  signs  of  paresis  in  hind  legs.  On  the 
45th  day  the  dog  was  found  dead. 

Necropsy:  Emaciated  body.  No  scorbutic  changes.  Lunp  normal;  heart 
dilated;  liver,  spleen  and  kidneys  normal;  stomach  shows  gastritis,  which  is 
largely  confined  to  fundus  region.  Duodenum  shows  mild  inflammation.  Scia- 
atic  shows  slight  myelin  degeneration.  The  urine  of  this  animal  wae  examined 
the  day  before  death  occurred,  with  the  following  results:  specific  gravity  1018; 
coagulable  protein,  trace;  a  few  casta;  Fehling,  negative;  acetone  and  diacetjo, 
negative. 


pT°n 

r^ 

p£! 

s. 

rn 

li 

•n 

1^ 

!Lt 

M 

lu 

r_w 

«ii 

-59 

n 

OWR 

_*L 

rn 

n 

k 

/ 

N 

-^ 

/ 

) 

/ 

1 

i 

\ 

y 

-^ 

/ 

1 

r- 

^ 

f 

\ 

1 

/ 

-; 

\f' 

L- 

7 

^ 

— 

^ 

Vn 

\ 

^ 

f- 

^ 

\. 

\ 

c 

^ 

■^ 

-^ 

~J 

^\^ 

1 

\ 

1 

J 

■"  — « 

^ 

_ 

_ 

_, 

^ 

^ 

_ 

J 

Chart  1.  Illustrates  the  fact  that  adult  cats  can  be  kept  for  a  considerable 
period  in  perfect  condition,  when  fed  exclusively  on  lean  beef  heated  tor  3  hours 
at  120°C.  (in  the  absence  of  free  alkali).  Cats  16  and  ~I7  lived  on  this  diet  for 
over  180  days  and  were  in  every  respect  normal  at  the  end  of  this  period.  Cat  18 
died  suddenly  on  the  164th  day  of  the  experiment,  without  having  shown  any 
paralytic  symptoms.  The  cause  of  death  in  this  animal  could  not  be  estab- 
lished but  polyneuritis  was  not  responsible  for  the  death,  as  the  peripheral 
nerves  did  not  exhibit  any  myelin  degeneration.  Cat  16  on  the  114th  day  of  the 
experiment  gave  birth  to  3  kittens  which  died  2  days  later.  The  sciatic  nerves 
of  these  kittens  did  not  show  any  myelin  degeneration.  Cat  21  died  on  the  139th 
day  of  distemper.  These  experiments  show  that  the  autoclaving  of  the  meat, 
in  iht  absence  of  an  alkaline  reaction,  does  not  completely  destroy  the  antineu- 
ritic  vitamine  contained  in  fresh  beef. 
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Chart  2.  Shows  that  pregiuuit  and  lactating  animals  are  apt  to  develop 
polyneuritis  on  a  diet  of  beef  which  was  heated  for  3  hours  at  120°C.  Pregnancy 
and  lactation,  therefore,  render  the  animals  more  stisceptible  to  pol3'neuritiB, 
an  observation  which  is  in  complete  agreement  with  the  observations  made  on 
beti  beri  in  the  human.  Here  also  it  was  found  that  pregnancy  and  lactation 
favor  the  appearance  of  the  disease. 
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Chart  3.  Illustrates  the  loss  of  weight  preceding  the  appearance  of  poly- 
neuritis on  a  diet  of  alkali-treated  meat.  The  oral  administratioD  of  autolysed 
yeast  relieved  the  symptoms,  and  the  continued  daily  adminietration  of  a  email 
amount  (1.5  cc)  of  autolyzed  yeast  fitrate  prevented  the  reappearance  of  the 
symptoms.  The  animal  not  only  recovered  its  original  body  weight  but  sur- 
passed it  by  20  per  cent.  The  cat  was  in  perfect  condition  on  the  I37th  day 
when  the  experiment  was  discontinued. 
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Chart  4.  Shows  the  results  of  an  experiment  similar  to  that  illustrated  by 
Chart  3.  It  also  shows  that  discontinuation  of  the  autolysed  yeast  filtrate  is 
firilowed  by  a  recurrence  of  polyneuritis. 
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Weight  c 
of  Na,CO., 


irre  of  cat  102  on  lean  be«f  heated  for  3  hours  at  120'C.  is 
After  cooling  10  per  cent  purified  oasetn  is  added  to  meat. 


.  Chart  5.  Illustrates  the  fact  that  the  disease  produced  by  ezclusive  feeding 
on  alkali-treated  beef  ia  not  due  to  a  deficienoy  of  the  diet  in  certain  essential 
amino  acids,  as  the  addition  of  10  per  cent  purified  casein  to  this  meat  does  not 
prevent  the  appearance  of  paralytic  symptonis. 


Weight  curve  and  food  consumption  of  cat  101,  fed  on  lean  beef  heated  for 
3  hours  at  120°C.  in  presence  of  Na,COi;  10  per  cent  purified  casein  added  after 
heating. 


Chart  6.  Shows  that  the  addition  of  casein  and  butter  fat  to  alkali-treated 
beef  does  not  prevent  the  appearance  of  the  symptoms.  This  is  in  marked  con- 
trast to  the  striking  effect  of  a  single  comparatively  small  dose  of  sji  antineu- 
ritic  preparation  obtsined  from  yeast;  18  cc.  (equivalent  to  360  mgm.)  of  this 
preparation  promptly  caused  the  complete  disappearance  of  severe  paralytic 
symptoms,  the  animal  appearing  perfectly  normal  20  hours  after  the  treatment. 
A  few  days  later  the  symptoms  reappeared,  and  on  the  10th  day  following  the 
first  treatment  the  animal  was  again  severely  paralysed;  12  cc.  (equivalent  to 
240  mgm.)  again  relieved  the  symptoms  for  several  days.  Note  influence  of 
treatment  on  food  consumption. 
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Weight  curve  and  food  consumption  of  cat  105  fed  on  lean  beef  heated  for  3 
hours  at  120''G.  in  the  presence  of  NaiCOi.  After  cooling  10  per  cent  casein  and 
6  per  cent  butter  are  added. 
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Chart  7.  Shows  that  the  addition  of  butter  and  purified  casein  to  the  alkali- 
treated  meat  does  not  prevent  the  appearance  of  polyneuritic  symptoms.  It 
happens  that  in  this  animal  the  incubation  period  is  considerably  longer  thui 
in  cats  fed  on  meat  without  the  addition  of  butter  and  casein. 
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Chart  8.  The  upper  series  of  &nimals  (no,  11  to  15)  was  fed  on  beef  which  had 
been  freed  from  fat  as  much  as  possible  previous  to  the  heating  for  3  hours  at 
120'C.  in  the  presence  of  Na,00,.  The  second  series  (no.  47,  51,  64  and  56) 
received  during  a  preliminary  period  (indicated  by  broken  line)  beef  which  was 
treated  in  exactly  the  same  manner  as  mentioned  above,  with  the  exception  that 
the  fat  had  not  been  removed.  Note  the  fact  that  on  this  diet  the  animals  do 
not  lose  weight.  As  soon  as  the  fat  was  eliminated  the  animals  also  began  to 
lose  weight  and  to  develop  polyneuritic  symptoms.  These  results  justify  the 
conclusion  that  the  presence  of  a  considerable  amount  of  fat  renders  the  anti- 
neuritic  vitamine  of  meat  more  resistant  to  the  combined  action  of  a  high  tem- 
perature (120°C.)  and  alkali. 
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Chart  9.  IlIuBtrHtea  the  loss 'of  body  weight  of  dogs  fed  on  si  kali- treated 
mest.  During  a  preliminary  period  of  20  days  the  animals  were  fed  on  a  mix- 
ture of  beef,  which  had  been  heated  for  2  hours  wilhoul  Ihe  ■previous  addition  of 
alkali,  and  "white"  bread.  Thia  food  mixture  caused  an  increase  in  body 
weight.  On  changing  the  diet  to  beef  which  had  been  heated  with  alkali,  the 
animals  gradually  lost  weight  and  developed  typical  polyneuritia.  Dog  6  was 
severely  paralysed  on  the  45th  day  and  received  about  30  cc.  autolyied  yeaat 
filtrate  by  stomach  tube.  The  following  day  the  symptoms  had  almost  com- 
pletely disappeared.    For  further  details  see  protoeols. 
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Chart  10.    Weight  curve  of  dogs  fed  on  lean  beef  heated  for  2  hours  at  I20°C. 
D  the  presence  of  NsiCOi. 
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Chart  il.  Shows  that  albino  rata  are  much  more  resistant  to  polyneuritis 
thftD  either  cats  or  dogs.  The  meat  fed  these  rats  was  prepared  in  exactly  the 
'Same  manner  as  the  meat  which  was  used  for  the  feeding  of  the  dogs  andoats. 
Note  the  increase  in  body  weight  up  to  the  110th  day.  Rat  10  was  a  young 
animal  weighing  110  gm.  a  tthe  beginning  of  the  experiment.  This  rat  showed 
very  consideiable  growth  during  the  first  25  days.  No  symptoms  ^characteristic 
of  polyneuritis  were  observed  in  these  animals.  About  the  110th  day  the  weather 
became  very  warm  (July)  and  the  animals  developed  diarrhoea,  wliich  very 
probably  was  responsible  for  the  sudden  death  of  four  of  the  animals. 

DISCUSSION  OF  RHSULTS 

One  of  the  most  interesting  points  brought  out  by  this  research  is 
-the  great  difference  in  ausceptibiUty  to  polyneuritis  between  the  vari- 
ous species  of  animals.  According  to  Fraser  and  Stanton  ('09)  the 
shortest  incubation  period  for  beri  beri  in  man  on  a  diet  of  highly 
milled  rice  is  at  least  eighty-seven  days.  Pigeons  fed  on  the  same 
rice  develop  the  disease  in  an  average  of  twenty-one  days,  chickens 
in  twenty-eight  days.  In  our  cats,  fed  on  alkali-treated  meat,  the 
«arUeet  polyneuritic  symptoms  were  noticed  on  the  ei^teenth  day. 
The  d<^  usually  required  about  a  month  to  six  weeks  for  the  appear- 
ance of  the  symptoms;  and  the  rats  (adult)  lived  for  at  least  one  hun< 
dred  and  ten  days  on  the  same  de&cient  diet  (alkah-treated  beef) 
without  showing  the  faintest  indication  of  polyneuritis.  One  rat  even 
lived  for  two  hundred  daj^,  apparently  in  perfect  health.  The  cats 
responded  to  the  deficient  diet  with  the  greatest  regularity,  all  of  them 
(28)  developii^  the  disease.  For  unknown  reasons,  two  of  the  dogs 
were  refractory,  although  typical  polyneiuitis  was  observed  in  other 
dogs. 
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Symptomalology-  As  a  rule  the  animals  (dogs  and  cats)  appeared 
perfectly  normal  and  devoured  the  alkali-treated  meat  for  the  first 
week  or  two.  Sooner  or  later,  however,  their  appetite  became  capri- 
cioiis.  A  very  marked  and  persistent  constipation  set  in  and  the 
animals  lost  their  liveliness  and  appeared  drowsy.  They  then  began 
to  loee  weight. 

There  was  a  great  individual  difference  in  the  manner  in  which  the 
paralytic  symptoms  made  their  appearance.  An  animal  would  seem 
to  be  normal  until  it  was  taken  out  of  the  cage,  when  it  would  suddenly 
develop  a  tonic  convulsion  which  usually  lasted  for  only  a  few  seconds. 
These  convulsive  seizures  would  return  many  times  until  gradually 
they  gave  way  to  a  progressive  paralysis  of  the  legs  and  the  animal  was 
no  longer  able  to  walk  or  stand.  This  condition  was  soon  followed  by 
death.  In  other  cases  the  paralysis  fir^t  revealed  itself  by  slight  weak- 
ness. The  animal  tired  easily  and  refused  to  walk.  This  was  usually 
followed  in  a  day  or  two  by  incoordination  of  the  gait.  Often  spastic 
contraction  of  certain  muscles  of  the  hindlegs  resulted  in  a  very  typical 
spastic  gait,  simulating  the  "steppage"  gait  of  multiple  neuritis  in 
the  human.  In  some  cats  the  back  showed  a  persistent  arching, 
resembling  the  position  caused  by  fright.  Anaesthesia  was  rarely 
present,  except  in  the  very  advanced  stages  of  the  disease.  The  ani- 
mals at  times  seemed  to  be  in  pain,  as  evidenced  by  the  plaintive  cries 
characteristic  of  cats. 

The  reflex  excitability  was  often  exaggerated.  Stimulation  of  the 
cut  vagus  or  sciatic  caused  qualitatively  normal  reactions  (see  fig.  2) 
even  in  animals  with  far  advanced  paralysis.  Electric  stimulation  of 
the  cervical  sympathetic  caused  prompt  dilatation  of  the  pupil. 

The  respiration  was  usually  slowed  and  very  often  was  irregular 
(see  fig.  1). 

The  pulse  was  considerably  accelerated  during  the  acute  stage;  in 
some  cases  so  rapid  that  it  could  not  be  counted.  Irregularities  were 
frequent.  Slight  muscular  exertion,  as  walking  up  stairs,  caused  tachy- 
cardia. The  blood  pressure  was  practically  normal.  The  pupils  were 
often  enlarged  and  reacted  slu^ishly  to  light. 

The  urine  was  greatly  diminished  in  volume  and  gave  a  strong  test 
for  indican,  a  trace  of  coagulable  protein  and  bile  pigments.  Acetone, 
diacetic  acid  and  sugar  were  absent.     Casts  were  present  in  small 


There  was  a  conspicuous  absence  of  oedema  in  our  animals,  a  symp- 
tom which  is  characteristic  of  so-called  wet  beri  beri  in  the  human. 
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The  disease  never  caused  fever;  od  the  contrary  the  body  tempera^ 
ture  fell  conaiderably  toward  the  end.  Even  in  the  earlier  stages  of 
the  disease  the  beat  regulation  was  upset,  as  evidenced  by  a  subnonnal 
body  temperature  resulting  from  exposure  of  the  animal  to  a  cold  room 
in  the  winter  time.  We  were  unable  to  explain  this  disturbance  of 
heat  regulation;  it  may  possibly  have  its  origin  in  an  alteration  of  the 
nervous  mechanism  which  controls  the  body  temperature. 

Death  usually  occurred  several  days  after  the  first  appearance  of 
the  paralytic  symptoms.  Exceptionally,  animals  might  die  during 
the  night,  although  no  definite  paralytic  symptoms  were  observed  during 
the  previous  days. 

Paihology.  Gross.  The  gross  changes  were  not  very  marked.  There 
may   be   mentioned:    fatty  appearance  of  the  liver,  congestion  of  the 


Fig.  2.  Dog  (no.  7)  with  severe  polyneuritis.  Shotvs  effect  of  atimiUation 
of  central  find  peripheral  end  of  cut  vagw-  Note  normal  character  of  the 
reaction. 

kidney,  inflammation  of  the  upper  portion  of  the  intestine,  dilata- 
tion of  the  heart  and  occaisionally  an  increase  in  the  pericardial  fluid. 
With  the  exception  of  two  of  the  dogs,  no  evidence  of  scurvy  was  found 
in  any  of  the  animals. 

H'utological.  In  almost  every  instance  the  sciatic  nerves  were 
examined  by  the  Marchi  method  for  evidence  of  myelin  d^eneration. 
In  a  considerable  number  the  va^  were  also  examined.  Fairly  com- 
plete histological  examinations  were  made  of  practically  all  the  impor- 
tant organs  of  several  of  the  cats.  Most  of  the  tissues  were  fixed  with 
formalin,  embedded  in  coUoidin  and  stained  with  haematoxyUn  and 
eosin.  Sections  were  made  from  several  levels  of  the  spinal  cord 
which  were  treated  by  the  Marchi  method,  embedded  in  paraffin 
and  mounted  in  chloroform  balsam. 
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The  most  strikmg  changes  were  found  in  the  nervous  system.  The 
teased  sciatic  nerves  of  practically  all  the  animals  which  developed 
8ympt<Hns,  showed  myelin  degeneration  varying  from  a  mild  type, 
characterized  by  a  foamy  appearance  of  the  myeUn  and  a  swelling  at 
the  nodes  of  Ranvier,  to  a  typical,  well-marked  degenerative  process, 
involving  many  fibers,  similar  to  that  Been  in  pigeons  with  polyneu- 
ritis gallinarium.  The  few  spinal  cords  studied  showed  some  degen- 
erated fibers  at  all  levels,  the  changes  being  quite  similar  to  those 
described  by  Vedder  and  Clark  C'l2)  in  the  case  of  pigeons.  As  to 
location  they  were  somewhat  scattered,  being  found  in  the  posterior, 
lateral  and  anterior  colunms.  The  amount  of  change  found  in  the 
nerves  and  cord  did  not  alw^s  correspond  to  the  severity  of  the  symp- 
toms in  the  animals. 

The  chaises  found  in  the  parenchymatous  organs  may  be  siunma- 
rized  as  follows: 

Heart:  The  transverse  striations  are  for  the  most  part  absent,  or 
only  faintly  defined.  There  is  considerable  fragmentation  of  the 
sarcoplaam.  It  is  difficult  to  determine  whether  this  is  due  to  agonal 
or  postrmortem  chaises,  or  to  those  due  to  fixing,  but  it  seems  that  a 
more  ch-  less  acute  parenchymatous  degenerative  process  must  have 
been  present.    Fatty  degeneration  was  present  only  to  a  slight  d^ree. 

Lungs:  Endarteritis  is  quite  marked  in  several  cases.  The  inter- 
alveolar  septa  are  thickened.  The  capillaries  are  thickened.  The 
capillaries  are  distended  and  phagocytic  cells  are  quite  nmnerous  in 
the  septa  and  to  some  extent  in  the  alveolar  lumiua.  Pigmentation 
is  not  marked. 

Small  intestine:  The  mucosa  shows  quite  extensive  changes.  The 
villi  are  largely  gone.  Some  round-celled  infiltration  is  present  in  the 
base  of  the  mucosa  and  extends  into  the  submucosa.    . 

Liver:  The  central  vein  and  its  capillaries  are  distended  with  blood. 
The  liver  ceUs  show  numerous  small  vacuoles,  as  well  as  a  few  large 
ones,  and,  besides,  a  highly  granular  condition  of  the  cytoplasm. 

Pancreas:  No  definite  changes  were  found  with  the  method  of  stain- 
ing employed. 

Spleen:  There  is  a  marked  increase  in  the  connective  tissue  elements 
in  some  cases  amounting  almost  to  a  true  interstitial  splenitis.  There 
is  a  slight  amount  of  colloid  degeneration.  There  are  more  blood  cells 
in  the  Malpighian  corpuscles  than  normal  and  pigmented  tissue  cells 
are  numerous. 
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Kidney:  The  capsule  shows  no  thickening.  The  glomeruli  are  for 
the  most  part  nearly  normal,  except  that  the  capillaries  are  somewhat 
distended.  A  few  of  the  glomeruli  are  shrunken  and  show  colloid 
degeneration,  with  some  round  celled  infiltration  in  the  vicinity.  There 
are  a  few  smaD  capillary  haemorrhages.     The  epithelial  cells  of  the 


Fig.  3  Fig.  4 

Fig.  3.  Cat  22.    Sciatic  nerve,  teased  preparation,  Marchi  method.    Shows 

marked  myelin  degeneration.     See  chart  2. 

Fig.  4.  Cat  53.    Sciatic  nerve,  teased  preparation,  Marchi  method.    Shows 

fairly  well  marked  myelin  degeneration. 
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convoluted  tubujea  show  considerabte  vEtcuolization  and  more  than  the 
usual  amount  of  granulation  of  the  cytoplasm.  The  nuclei,  for  the 
most  part,  stain  fairly  well.  In  some  instances  the  lumina  of  the 
tubules  are  completely  obliterated,  the  cytoplasm  of  the  ce'ls  form- 
ing a  more  or  less  homogeneous  mass  of  granular  material,  with  the 
poorly  staining  nuclei  scattered  about. 

These  pathological  changes  are  somewhat  similar  to,  though  'ess 
extensive  than  those  described  by  Sundwall  ('17)  in  connection  with 
studies  in  tissue  alterations  in  malnutrition  and  in  pellagra. 

Treatment.  When  the  disease  had  not  advanced  too  far,  the  ani- 
mals could  be  relieved  of  their  symptoms  by  means  o  an  act've  prep- 
aration of  the  antineuritic  substance.  As  will  be  seen  from  the  pro- 
tocols, the  administration  of  a  single  dose  o'  autolyzed  yeast  filtrate  to 
an  animal  with  severe  paralysis  caused  complete  recovery,  often  with- 
in twelve  hours.  The  same  result  was  obtained  also  after  the  admin- 
istration of  a  single  dose  of  a  purified  yeast  preparation,  which  had 
been  freed  from  amino  acids,  purine  bases  and  other  impur'ties  (yeast 
vitamine  123,  chart  6).  The  improvement,  following  the  adminis- 
tration of  ant'nemitic  preparations  to  severely  paralyzed  cats,  was 
just  as  striking  as  that  obtained  in  pigeons.  There  was  prompt  disap- 
pearance of  all  the  clinica'  signs  such  as  para'ysis,  'oss  of  appetite, 
high  and  irregular  pulse  rate,  labored  respirat'on,  etc.  If  the  treat- 
ment was  not  continued  the  symptoms  returned  after  a  *ew  days.  The 
continuous  daily  administration  of  even  a  very  small  dose  of  autolyzed 
yeast  filtrate  resulted  in  the  recovery  of  lost  body  weght  and  pre- 
vented the  reappearance  of  polyneuritis. 

General  considerations.  Numerous  writers  have  cal'ed  attention  to 
the  fact  that  beri  ben  in  the  human  being  is  associated  with  a  diet  rich 
in  carbohydrates.  The  disease  's  especially  prevalent  among  eastern 
peoples  who  live  on  a  more  or  less  exc'usive  diet  of  white  rice.  The 
observations  of  Little  concerning  beri  beri  in  Newfoundland  seem  also 
to  confiim  this  view,  as  he  attribute  the  disease  to  a  diet  composed 
of  white  bread,  molasses  and  fish.  Funk  ('14)  on  the  basis  of  'ceding 
experiments  on  pigeons,  tried  to  establish  a  relation  between  carbo- 
hydrate metabolism  and  the  antineuritic  substance.  This  author 
believes  that  the  antineuritic  vitamine  is  in  some  way  concerned  with 
the  metabolism  of  carbohydrates,  as  he  found  that  an  increase  in  the 
carbohydrate  component  of  the  diet  caused  a  more  rapid  appearance 
of  avian  polyneuritis.  This  conclusion  is  also  confirmed  by  the  exten- 
sive experiments  of  Braddon  and  Cooper  ('14)  who  state 
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that  the  amount  of  satineuritic  BubBtaace  required  by  the  orgaoism  increaaes- 
with  the  quantity  of  carbohydrate  metabolised.  For  the  maintenance  of  health 
the  intake  of  active  substance  inuBt,  therefore,  be  adjusted  so  as  to  stand  in. 
some  quantitative  relatiou  to  the  amount  of  carbohydrate  included  in  the  diet. 

On  superficial  coneideration,  these  statemente   seem  to  be  contra^ 
dieted  by  the  fact  that  the  present  authore  were  able  to  induce  typicaL 


Fig.  6 

Fig.   5.  Cat  51.    Sciatic   nerve,    teased   preparation,   Marchi 


thod.    -4,. 
',  similar  prep- 


shows  early  stage  of  myelin  degeneration — foamy  appearance. 
aration  from  normal  cat. 

Fig.  6.  Cat  4.    Cross  section  of  spinal  cord  (lumbar  region),  lateral  column; 
Marchi  method.    Shows  degenerated  fibers. 
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polyneuritiB  by  means  of  an  exclusive  meat  diet,  a  food  which  is  rich 
in  protein  and  very  poor  in  carbohydrate.  It  ahould  be  ranembered, 
however,  that  the  intermediate  metaboUam  of  protein  may  lead  to  the 
<  formation  of  large  amoimta  of  carbohydrate.  For  instance,  Reilly 
Nolan  and  Lusk  ('98)  fed  a  dc^  suffering  from  phlorizin  diabetes  500 


Fig.  7.  Dog.  6.    A,  sciatic  ncr 
iog  myelin  degeneration.    B,  fibci 


e,  teased  preparation,  Marchi  i 
from  sciatic  of  normal  dog. 


grama  of  meat  and  calculated  that  the  sugar  production  from  meat 
amounted  to  58  per  cent  by  we^t  of  the  meat  protein  metabolized. 
Our  observations,  therefore,  merely  supplement  the  view,  expressed 
by  Funk,  Braddon  and  Cooper,  that  a  high  protein  diet  may  also  lead 
to  an  increase  in  carbohydrate  metabolism  which  may  require  the 
presence  of  a  minimum  quantity  of  antineuritic  substance. 
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IVom  the  standpoint  of  dietetics,  the  results  of  this  investigation 
emphasize  the  great  stability,  of  the  antineuritic  substance  of  meat 
after  a  relatively  long  exposure  of  this  food  to  high  temperatifres. 
Beef  can  be  heated  for  three  hours  to  120''C.  without  its  completely  , 
losing  its  antineuritic  properties  (see  chart  1).  It  ia  probable  that  the 
acid  products  (lactic  acid)  of  beef  are  partly  responsible  for  this  great 
heat  resistance  of  the  antineuritic  substance,  as  it  was  shown  in  this 
laboratory  and  elsewhere  that  an  acid  reaction  tends  to  preserve  its 
physiological  activity.  In  the  preparation  of  beef  for  human  con- 
sumption, this  food  is  rarely  exposed  throughout  to  a  temperature 
exceeding  IWC.  On  the  other  hand,  this  research  demonstrates  that 
a  combination  of  high  temperature  and  an  alkaline  reaction  leads  to 
the  complete  destruction  of  the  antineuritic  properties  of  beef.  Even 
in  the  presence  Of  an  alkaline  reaction,  it  is  necessary  to  heat  the  meat 
for  a  considerable  time  at  a  temperature  above  IWC.  Short  expos- 
ure to  IWC.  does  not  seem  to  bring  about  a  toss  of  antineuritic  power, 
as  evidenced  by  some  negative  experiments  not  reported  in  this  paper. 

In  conclusion,  it  should  be  pointed  out  that  the  present  tendency 
toward  alterations  of  the  dietary,  as  brought  about  by  the  war,  may 
very  well  lead  to  the  occurrence  of  isolated  cases  of  deficiency  diseases 
in  this  country  and  abroad.  It  is  very  likely  that  the  early  stages  of 
beri  beri  might  easily  escape  recognition,  as  the  symptoms  are  not 
specific  for  this  disease  only.  This  statement  is  supported  by  the 
fact  that  the  prevalence  of  beri  beri  among  the  fishermen  of  New- 
foundland had  evidently  escaped  reci^ition  until  Little  published  his 
report  describing  the  widespread  existence  of  beri  beri  in  this  locality. 
The  history  of  pellagra  in  the  United  Stat«s  also  furnishes  evidence  to 
the  ^ect  that  an  unfamiliar  disease  may  exist  for  years  before  its 
presence  is  recognized. 

CONCLUSIONS 

1.  Polyneuritis  has  been  produced  in  cats  and  dogs  as  the  result  of 
an  exclusive  dietary  of  lean  beef  which  was  heated  for  three  hours  at 
IZCC,  in  the  presence  of  alkali  (sodium  carbonate).  Proof  of  this 
statement  is  furnished  by  the  symptomatology,  treatment  and  path- 
ology of  the  disease  noted,  which  are  essentially  those  characteristic  of 
beri  beri. 

o.  Symptoms:  The  following  symptoms  were  observed  in  these 
animals:  Diminution  of  appetite,  constipation,  loss  of  body  weight, 
weakness  and  sometimes  drowsiness,  followed  by  paralytic  symptwns, 
tonic  convulsions,  spasticity  of  certain  groups  of  muscles  and  disturb- 
ances of  the  circulation  and  respiration. 
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b.  Treatment:  The  oral  administration  of  active  preparations  of  the 
antineuritic  substance  of  yeast  to  paralyzed  animals  :s  followed  promptly 
by  the  disappearance  of  the  symptoms;  and  the  continued  administrar- 
tion  of  these  preparations  prevents  the  recurrence  of  the  disease. 

c.  Pathological  changes:  Certain  histopatbological  changes  especially 
the  changes  involving  the  nervous  system  are  described.  Animals 
showing  severe  paralysis  exhibit  no  qualitative  changes  in  the  reaction 
of  various  nerves  to  electric  stimulation. 

2.  The  disease  is  due  to  a  deficiency  of  the  diet  in  antineuritic  sub- 
stance and  not  to  a  deficiency  in  the  other  essential  dietary  components 
(amino  acids,  fat-soluble  vitamine,  etc.). 

3.  Exposure  of  the  beef  for  three  hours  to  a  temperature  of  120°C., 
without  the  previous  addition  of  alkali,  does  not  completely  destroy 
the  antineuritic  power  of  this  food.  It  is  therefore  concluded  that  the 
ordinary  preparation  of  meat  for  human  consumption  does  not  lessen 
its  food  value  in  this  respect. 

4.  The  various  species  of  animals  show  a  considerable  difference  in 
their  susceptibihty  to  polyneuritia,  aa  evidenced  by  the  different  length 
of  time  which  is  necessary  to  induce  the  disease  by  the  same  deficient 
diet.  Cats  respond  to  the  deficient  diet  with  the  greatest  regularity 
and  are,  therefore,  best  adapted  for  physiological  studies  of  the  func- 
tion of  the  autineUritic  substance.  . 
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